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PREFACE 


TO  Til  i;  II  iTii  i;  1)1  rioN. 


l^ooKs  of  arithmetic  have,  of  late,  brcoine  so  extremely  nu- 
iiirrmis,  tliat  if  the  proj^ress  of  tlie  science  were  to  be  esti- 
mated from  that  eircum.-taiice  ah)ric,  it  mi<jht  naturally  be 
eoiieliuled  that  ev«ry  por-sible  improvenient  had  been  antici- 
jKited,  and  the  siil)jeet  wholly  e.\hau>ted.  Hut  it  has  happened 
in  this  case,  as  in  many  others,  that  much  has  been  ))n)nused 
and  little  I'tTeeted.  The  greater  part  of  these  perfonnunees  are 
so  nearly  alike,  botii  in  mattt-r  and  melhod.  that  they  appear  to 
be  little  mon-  than  mere  euj)ies  of  each  otiier,  ill-digested,  and 
end)arrassed  with  such  a  varii'ty  of  miscellaneous  observations, 
as  render  them  totally  unfit  for  the  |)ur|)ose  of  teaching. 

The  principal  (»l))eet  of  a  work  of  thi>  kind,  should  be  to 
jirovide  the  learner  with  a  pro])er  set  of  rules  and  examples,  so 
methodised  and  arranged,  that  they  may  be  readily  transcribed, 
and  fixed  in  the  memory,  without  any  other  assistance  from 
the  master  than  that  of  explaining  the  nature  of  the  process, 
and  examining  the  truth  of  the  operations.  These  1  have 
endeavoured  to  supply;  and  since  the  first  publication  of  this 
treatise,  have  had  the  satisfaction  to  find  that  it  has  been 
generally  apj)roved  by  intelligent  tutors,  and  introduced  into 
several  of  the  most  respt'ctal>le  academio  in  the  kingdom. 

To  rendiT  the  work,  therefore,  still  more  comjilete.  the 
|)resent  edition  has  not  only  b»'en  corrected  ami  improved 
throughout,  but  in  manv  plac»'s  entirely  re-written.  —  Every 
example  in  the  book  has,  also,  been  sepaniti'ly  examined,  by 
two  or  three  ditfereiit  persons,  and  the  great«st  care  taken  to 
avoid  errors  of  the  press  ;  s«)  that  it  is  presumed  few  or  none 
vill  be  now  found  of  any  material  ci)nM'(|uence.  To  say 
more  would  be  unnecessary  ;  the  plan  of  the  work  is  already 
suflici«'ntly  known,  and  of  it^i  merit}  or  defects  the  public 
alone  nuist  (hterminc. 

),■ 

HISTOKiCAL  COLLECTION 


ADYERTISEMENT 

TO    THE    TENTH    EDITION. 

^ly  former  treatise,  on  the  subject  of  the  present  performance, 
having  passed  through  a  number  of  editions,  and  been  in 
general  use  for  many  years  past,  I  was  induced,  by  such  a 
flattering  mark  of  long-continued  approbation,  to  undertake 
an  entire  revisal  of  the  work,  in  order  to  render  it  still  more 
deserving  the  favour  of  the  public  ;  and  as  the  various  alter- 
ations, additions,  and  improvements,  which,  in  consequence 
of  this  design,  were  made  in  every  part  of  the  performance, 
had  considerably  increased  its  bulk,  I  was  led  to  reprint  it  in 
1810,  in  a  moderate-sized  octavo  volume  of  four  hundred 
pages,  conceiving  that  this  form  would  be  thought  more 
convenient  and  respectable,  by  some  of  the  higher  class  of 
students  and  general  readers,  than  that  in  which  it  had 
hitherto  appeared. 

It  was  never  intended,  however,  that  the  publication  of  it 
in  this  form  should,  in  any  respect,  supersede  the  use  of  the 
smaller  edition  in  12mo ;  which,  though  less  extensive,  is 
perhaps  better  adapted  to  the  wants  of  learners,  in  general, 
than  a  larger  and  higher  priced  work,  which  embraces  a 
number  of  particulars  that  chiefly  belong  to  the  more  abstruse 
parts  of  the  science.  The  present  performance,  therefore, 
which  may  be  considered  as  a  copious  abridgment  of  the  one 
above-mentioned,  will  continue  to  be  published  in  the  same 
form  as  usual ;  and  from  the  care  that  has  been  taken  to 
render  this  edition  of  it  as  complete  and  accurate  as  possible, 
the  author  flatters  himself  that  it  will  still  continue  to  main- 
tain the  character  which  it  has  uniformly  received,  of  being 
considered  as  one  of  the  most  commodious  and  useful  com- 
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pciiiliiims  of  lilt'  sulyi'i't  on  wliicli  it  tnats,  tli;it  lias  vcl  bien 
offlrt'd  to  the  public* 

JOHN   HONNYCASTLE. 
Itoyid  Militury  Academt/,   Woolwich, 
February  20.  1813. 


ADVERTISEMENT 

TO   THE   SEVENTEENTH    EDITION. 

Amo.ng  the  numerous  works  on  arithmotic  before  the  public, 
there  is  probably  none  superior  to  the  one  by  Mr  Bonnvcastle, 
which  is  not  only  valuable  on  account  of  its  judicious  arrange- 
ment, but  also  on  account  of  the  demonstrations  of  nianv  of 
the  rules,  which  are  added  in  the  shape  of  note.s,  beneatli  those 
pajjes  M-here  any  «lenionstration  was  rerpiired.  In  order  to 
render  this  edition  no  less  acceptable  t(»  the  public  than  the 
preceding  ones,  the  Editor  has  not  only  made  considerable 
alterations  in  the  solutions  of  the  examples,  especially  where 
the  algebraic  formula.*  are  applied,  but  has  also  spared  no 
pains  to  improve  other  parts  of  the  work,  and  to  correct 
such  errors  of  the  press,  as  had,  inadvertently,  escaped 
notice  in  former  editions. 

J.  UOWBOTn.\M.  IMt.A.S. 
55.  Quttnt  Row,  Walworth,  1843. 


It  may  here  be  necessary  to  observe,  that  a  new-  edition  of 
tiie  Key,  with  considerabh-  alterations  and  additions,  is  now 
published. 


*  It  may  be  here  proper  to  infurm  the  reader,  that  some  of  the  mmt 

iutcrcKting  particulars  in  the  hvu  c<litioi),  nrhich  have  iKfn  oinittctl  in  tho 
present  one,  nre,  Isf,  n  rupiuu^  iiitrudiiclion.  cunLiining  a  rcf;uLir  hi»- 
toricnl  account  of  the  oripin  arnl  prupn-ss  of  tlie  science,  from  tlie  cirlii-^t 
period  to  the  present  time  ;  '.'d.  u  full  account  and  exp):in.:tiun  of  the 
various  "lysteins  of  notation  tliat  have  \twn  proposed  hy  difT'ereiii  writers 
l>oth  ancient  and  modern  ;  3d,  a  tahle  of  Mpiares  cuIk^v,  and  their  roots, 
froiu  i  tu'iOOO;  and  a  uble  of  oil  the  prime  nunibcr^  from  1  tu  100000. 
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EXPLANATION 


THE  CHARACTERS  USED  IN  THIS  WORK. 

+  plus,  or  more,  the  sign  of  addition,  signifying  tiiat  the 
numbers  between  which  it  is  placed,  are  to"  be  added 
together. 
Thus,  4  +  3  denotes  that  3  is  to  be  added  to  4. 
—  minus,  or  less,  the  sign  of  snbtraction,  signifying  that  the 
latter  of  the  two  numbers  between  which  it  is  placed,  is 
to  be  taken  from  the  former. 
Thus,  5—2  denotes  that  two  is  to  be  taken  from  5. 
tr>  denotes  the  difference  of  two  quantities,  when  it  is  not 

known  which  is  the  greater. 
X  into,  the  sign  of  multiplication,  signifying  that  the  numbers 
between  which  it  is  placed  are  to  be  multiplied  together. 
Thus,  7x5  denotes  that  7  is  to  be  multiplied  by  5. 
--  by,  the  sign  of  division,  signifying  that  the  former  of  the 
two  numbers  between  which  it  is  placed,  is  to  be  divided 
by  tlie  latter. 
Thus  S-^-^j  orf,  denotes  that  8  is  to  be  divided  by  4. 
:  is  to,  : :  so  is  :  to,  the  signs  of  an  equality  of  ratios,  signi- 
fying that  the  numbers  between  which  they  are  placed, 
are  proportional. 
Thus,  2  :  3  : :  4  :  6  denotes  that  as  2  is  to  3  so  is  4  to  6. 
=  equal  to,  the  sign  of  equality,  signifying  that  the  numbers 
between  which  it  is  placed  are  equal  to  each  other. 
Thus,  H  +  4  — 10,  shows  that  6  added  to  4  is  equal  to  10. 
a/  the  radical  sign,  signifying  that  the  quantity  before  which 
it  is  placed  is  to  have  its  squaz'e  root  extracted. 

Thus,  a/4,  or  4-  denotes  the  square  root  of  the  number  4. 
In  like  manner,  ^/  signifies  that  the  number  before  Avhich  it 
is  placed  is  to  have  its  cube  root  extracted. 

Thus,  ^8,  or  8^  denotes  the  cube  root  of  the  number  8. 
Also  8-  denotes  that  the  number  8  is  to  be  squared,  and  9' 
denotes  that  the  number  9  is  to  be  cubed. 
And  so  on,  for  any  other  roots,  or  powers, 


A  W  IT  II  M  i/ri  c. 


Arithmetic   is  the  science  which  troats  of  tlie  nature  of 
Numbers,  jind  of  their  use  in  various  kinds  of  calculations. 

Its  h'adiuf;  ruh's  are  Notation,  Achiition,  Suhtraction,  ."NIuI- 
liplication,  and  Division;  from  whieii  all  the  rest  are  derivcil. 

flotation,  anti  ilumriatton* 

Notation  is  tin-  mctiiud  of  ixpiessinj;  iiuuiIjits  I)y  words 
or  titjures  ;  and  Numkration  is  the  reading  or  writing  any 
proposed  sum  or  number. 

The  charactei-s  used  for  this  purpose  are  the  ten  numeral 
figures,  or  digits,  0  cipher,  1  one,  2  two,  3  three,  4  four, 
,5  five,  6  six,  7  seven,  H  eight,  9  nine;  by  wliich,  either  singly 
or  conjointlv,  all  numbers  can  be  express«'d. 

This  is  done  by  giving  to  each  of  these  figures  another 
value,  besides  its  simple  one,  which  is  made  to  depend  upon 
the  place  it  stands  in,  when  joined  to  others,  as  iit  the  follow- 
ing table : 
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2  NOTATION. 

Where  it  is  to  be  observed,  that  the  figure  in  the  first 
place,  reckoning  from  right  to  left,  denotes  only  its  simple 
value ;  that  in  the  second  place,  ten  times  its  simple  value  ; 
that  in  the  third,  a  hundred  times  its  simple  value  ;  and  so 
on :  the  value  of  any  figure,  in  each  successive  place,  being 
always  ten  times  its  preceding  value. 

Thus,  in  the  number  1843,  the  3  in  the  first  place  signifies 
only  three ;  4  in  the  second  place  signifies  four  tens,  or 
forty;  8  in  the  third  place  is  eight  hundred;  the  1  in  the 
fourth  place,  one  thousand ;  and  the  whole  number  is  read 
thus,  one  thousand  eight  hundred  and  forty-three. 

The  naught,  or  cipher,  stands  for  nothing  of  itself;  but 
when  joined  to  the  right  hand  of  other  figures,  it  increases 
their  value  in  the  same  tenfold  proportion :  thus,  8  signifies 
only  eight ;  but  80  signifies  eight  tens,  or  eighty ;  800  is  ten 
times  80,  or  eight  hundred,  &c. 

To  this  we  may  also  add,  that  for  the  more  easily  reading 
of  large  numbers,  it  is  usual  to  divide  them  into  periods  of  6 
figures  each ;  the  first  of  which  will  be  units,  tens,  hundreds, 
and  thousands ;  the  second,  millions ;  the  third,  bi-millions, 
or  billions ;  the  fourth,  tri-millions,  or  trillions,  &c.  as  below. 


t.  nr  L~  .r      ^  «  — 

H  e  S         ^2^^;::) 

&c.  789098  465432  101234    567     8  9  2 


Which  number  is  read  thus,  seven  hundred  and  eighty-nine 
thousand  and  ninety-eight  trillions,  four  hundred  and  sistv- 
five  thousand  four  hundred  and  thirty-two  billions,  one  hun- 
dred and  one  thousand  two  hundred  and  thirty-four  millions, 
five  hundred  and  sixty-seven  thousand  eight  hundred  and 
ninety-two. 

And  by  continuing  the  periods  in  a  similar  manner,  to 
quadrillions,  quintillions,  (ic.  any  number,  however  large, 
may  be  readily  expressed  and  enumerated. 

It  may,  likewise,  be  remarked,  that  the  digits  1,  %  3,  4,  5. 
6,  7,  8,  9,  having  each  a  value  of  itself,  are  called  significant 
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fii^urps,  in  order  to  distin<;iiisli  thorn  from  the  cipher,  or  zero, 
0,  which  is  naught,  or  of  no  valuf,  when  it  stands  alone.* 

EXAMPLES. 

Write  iti  figures  the  following  numbers:  — 

(1.)   Twenty-five. 

(2.)  One  hundred  and  eighty. 

(S.)  S«'ven  liundred  and  st'veiiteen. 

(  !•.)  Eight  hundred  and  sixty-seven. 

(5.)  Nine  liundred  and  fifty-nine. 

(6.)  One  thousand  four  hundred  and  thirty-three. 

(7.)  Fifty-four  thousand  six  hundred  and  fifty. 

(8.)  One  million,  three  hundred  and  twenty-seven  thou- 
sand, five  hundred  and  ninety-one. 

(9.)  Two  millions,  two  hundred  and  twenty-two  thousand, 
eight  liundred  and  sevmty-five. 

no.)  Five  millions,  five  hundred  thousand,  and  fifteen. 

(11.)  Nine  hundred  anil  ninety-nine  millions,  seven  hun- 
dred and  seventy  thousand,  and  fifty. 


•  The  Konutnis  and  other  ancient  nations,  for  want  of  being  acquainted 
with  the  methixJ  of  notation  now  used,  which  was  fip>t  iutruduced  into 
Kuroj)c  by  the  Arabs  about  the  year  1000,  exprevsc<l  numbers  by  ineatts 
of  the  seven  following  capital  letters  of  the  alphat>ct : 

Numbers  I.  v.  x.  t..  c.  n.  si. 

Value  1.  5.         lO.       50.       100.      500.      1000. 

.\nd  by  repeating  and  combining  these,  any  of  the  interine<liatc,  or 
hi;;her  numbers,  were  denoted  as  follows  : 

N'uinlxTi  II.         III.         nil.         XX.         cc.         ccc.  >ni. 

Value  2.  :)  4.  '20.         200,        300.        2000. 

Also  annexing  a  letter,  or  letters,  of  a  lower  value  to  one  of  a  higher, 
denoted  their  sum  : 

A'  VI.  viii.  XII.  XV.  XVII.  vxx.         IH-. 

Value*;.  8.  I'.'.  15.  17.  "U  COO. 

.\in\  when  a  letter  of  n  lower  value  was  put  before  one  of  a  higher,  it 
denoted  their  difll-renee  : 

.\s  IV.  IX.  XIX.  XL.  XC.  CO. 

•J.  'J.  19.  40.  90.         400. 

Also,  in  the  titles  of  some  old   liooks  we  find   i>  put   for  n,  or  500; 

and  for  every  such  o  annexe<i,  the  vidue  is  increased  tenfold ;  n«  i.ij  i» 

iiXX),  i.>.i.>  is  5(XXX>,  Ate.  :   1 1.)  is  also  put  for   M,  or  1000  ;  and  for  every 

•  iich  c  and  .»,  tlie  value  is  increased  a-s  before.     Thus  cci.i.i  is  lOOOO,  and 

.  II  J.I  >  is  1 00(XX>. 

And  if  a  bar  l>e  put  over  any  number,  it  increases  its  value  1000  ddd. 
ITius,  V.  is  5CXX),  X  is  lOOOO.T  is  50000,  and  7  IOOOOt\  Ac. 

B    '2 


SIMPLE  ADDITION. 


27 

(20.) 

9090 

(26.) 

190851 

81 

(21.) 

10751 

(27.) 

940509 

170 

(22.) 

40848 

(28.) 

1207508 

1114 

(23.) 

85423 

(29.) 

8400018 

3064 

(24.) 

90600 

(30.) 

28043713 

9876 

(25.) 

110101 

(31.) 

111000111 

(12.)  Four  hundred  and  seventy-nine  millions,  six  hundred 
and  twenty-seven  thousand  and  eighty-seven. 

(13.)  Eighteen  billions,  eight  hundred  and  eighty-eight  mil- 
lions, eight  hundred  thousand,  eight  hundred  and  eighty-seven. 
Write  in  words  the  following  numbers : 

(14.) 

(15.) 

(16.) 

(17.) 

(18.) 


Simple  Additiox  is  the  method  of  collecting  several 
numbers,  of  the  same  denomination,  into  one  sum. 

RULE.* 

1.  Place  the  numbers  under  each  other,  so  that  units  may 
stand  under  units,  tens  under  tens,  &c.,  and  draw  a  line  below 
them. 

*  This  rule  is  founded  on  the  known  axiom  that  the  whole  is  equal 
to  the  sum  of  all  its  parts.  And  the  method  of  placing  the  numbers,  and 
carrying  for  the  tens,  is  evident  fiom  the  nature  of  notation;  for  any  other 
disposition  of  them  would  entirely  alter  their  value :  and  carrying  one 
for  every  ten,  from  an  inferior  line  to  a  superior,  is  in  consequence  of  a 
unit  in  the  latter  being  equal  in  value  to  ten  in  the  former. 

It  may  here,  also,  be  observed,  that  besides  the  method  given  in  the 
text,  there  is  another  very  ingenious  one  of  proving  addition,  by  casting 
out  the  nines  ;   which  is  as  follows : 

Rule  1.  Add  all  the  figures  in  the  uppermost  row  together,  according 
to  the  order  in  which  they  stand  ;  and  having  rejected  as  many  nines  as 
are  contained  in  their  sum,  set  down  the  remainder  directly  even  with 
the  rest  of  the  figures. 

2.  Do  the  same  with  each  of  the  other  rows,  and  find  the  sum  of  all 
the  remainders  ;  then,  if  the  excess  of  nines  in  this  sum,  taken  as  before, 
be  equal  to  the  excess  of  nines  in  the  total  sum,  the  work  is  right. 

EXAMPLE. 


3782 
5766 
87.55 


18303 


Excess  of  9's 


This  method   depends  upon  a  property  of  the  number  9,  which,  ex- 
cepting 3,  belongs  to   none   of  the   other  digits ;  viz.  tiiat  any  number 
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*2.  Add  up  till'  fiijiirrs  in  the  column  of  units,  and  find 
liow  niativ  tens  arc  contained  in  their  sum. 

!{.  Set  »h)\vn  what  remains  above  the  tens,  or,  if  nothinij 
ronwiins,  a  ciplier,  ami  carry  as  many  units,  or  ones,  to  the 
next  columns  as  there  were  t»'ns. 

1'.  Add  up  the  second  column,  to<;ether  with  the  numlu'r 
carried,  in  the  same  manner  as  tlu-  first;  and  proceed  thus 
till  the  whole  is  finished. 

METHOD    OF    I'ROOK. 

Draw  a  line  below  the  uppermost  row;  and  add  all  the  rest 
tocethcr,  setting;  their  sum  under  the  number  to  be  jiroved. 

Then  add  this  last  found  number  and  the  uppermost  line 
ttttjethcr;  and  if  the  sum  be  the  same  as  that  found  by  the 
first  addition,  the  work  is  right. 

Or  the  same  mav  be  done  otherwise,  by  beginning  at  the 
u])per  line  and  adding  the  inuubers  downwards  ;  in  the  same 
manner  as  they  were  before  addeil  upwards  ;  in  which  case,  if 
the  two  sums  agree,  it  may  be  presumed  that  the  work  is  right. 


(liviclcd  liy  0  will  leave  the  same  remainder  as  the  sum  of  its  figures,  or 
(ligit.s  divided  by  9  ;  which  may  be  shown  thus: 

Let  there  be  any  number,  ns  :H67  ;  which,  being  separated  into  its 
several  parts,  becomes  :UXX)  -r  -10')  +  fiO  +  7  ;  then,  if  each  of  these  parts 
be  taken  singly,  we  shall  have  aOOO  =  3  x  1000  =  3  x  (999  +  1  )  =  .S  x 
999  +  3  ;  400  =  4  x  99  +  4  ;  and  60  =  6  x  9  +  fJ.  Whence  3467  =  3  x  999 
+  4x99  +  6x9  +  3  +  4+6  +  7;  and,  consequently,  3467 -r  9  — (3  x  999 
J-  4  X  ft'.t  +  »;  X  !)  +  3  +  4  +  6  +  7  )  -r  9.  Hut  3  x  999  +  4  x  •.»9  +  6  x  9  is  evi- 
dently (iivisildi-  by  9  ;  therefore,  if  :>4(;7  be  dividetl  by  9,  it  will  leave 
the  sjitne  remainder  ns  3  +  4  +  6  -r  7  divided  by  9  ;  and  a  similar  miHle  of 
proceeilinjj  will  hold  for  any  other  number  ;  and  j»enerully  let  o,  b,  e,  &c. 
be  the  digits  of  any  number  beginning  with  units'  place  ;  then,  A'aa  + 
6. 1 0  +  c.lO-  +  &c.  ;    =a  +  &  +  6.9  +  c  +  c.99  +  &c.  ; 

9  9 

iV        .  a  +  6  +  c  .  .  .    , 

and  nave  the  same  remamder. 

9  9 

lit  the  same  manner  this  pro|)erty  may  also  be  shown  to  Iwlong  to  the 
number  :!  ;  but  the  preference  is  usually  given  to  !»,  on  account  of  its 
Jvinp  more  convenient  in  jiractice. 

Hence,  from  \he  demonstration  here  given,  the  reason  of  the  rule  itself 
.  evident  ;  for  the  exci>ss  of  nines  in  two  or  more  n«intlK-rs  iK-ing  taken 
•-eparately,  and  the  excess  of  nim-s  also  taken  out  of  the  sum  of  the  f«>nncr 
excesses,  it  is  plain  that  this  last  excess  must  Ik-  iMjunl  to  the  exc««s  ot 
nines  contained  in  the  total  sum  of  all  tlieso  nuiulKTs  ;  the  parts  being 
equal  to  the  whole. 
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SIMPLE    SUBTRACTION. 


0-) 


23456 

e: 
(2.) 

SAMPLES. 

22345 

67890 

8752 

340 

350 

78 

(3.) 

34578 

78901 
23456 
78901 
23456 
78901 

3750 

87 
328 

17 
327 

307071  Siun. 

99755  Sum. 

39087  Sum. 

283615 

77410 

4509 

307071  Proof. 

99755  Proof. 

39087  Proof 

(4.)  Add  8635,  2194,  7421,  5063,  2196,  and  1245  to- 
gether.    Ans.  2615^. 

(5.)  Add  2t603,  298765,  47321,  58653,  64218,  5376, 
9821,  and  340  together.     Ans.  509097. 

(6.)  Add  562163,  21964,  56321,  18536,  4340,  279,  and 
83  together.     Ans.  663686. 

(7.)  Add  97684,  30768,  5015,  307,  36,  and  15  together. 
Ans.  133825. 

(8.)  What  is  the  sum  of  thirty-seven  thousand  and  six, 
four  hundred  and  twentj-nine  thousand  and  nine,  and  two 
millions  and  thirty-six?     Ans.  2466051. 

(9.)  How  many  shillings  are  there  in  a  crown,  a  guinea,  a 
moidore,  or  twenty-seven  shilling  piece,  and  six-and-thirty 
shillings  ?     Ans.  89. 

(10.)  How  many  days  are  there  in  the  first  nine  calendar 
months,  when  it  is  leap-year  ?     Ans.  274. 

(11.)  How  many  days  are  there  from  the  19th  day  of 
April  1843  to  the"  2Sth  day  of  November  1844,  both  days 
exclusive  ?     Ans.  588. 


J^imple  Subtraction^ 

Simple  Subtraction  is  the  method  of  finding  the  dif- 
ference of  any  two  numbers,  of  the  same  denomination,  by 
taking  the  less  from  the  greater. 
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RULE.* 

1.  Placo  the  loss  minibcr  under  the  prcator,  so  tliat  units 
may  stand  unilrr  units,  tens  under  ti-ns,  \c.,  and  draw  a  line 
below  tluMU. 

'J,  Hfgin  at  tilt'  rii,'lit-hand,  and  take  ( ach  figure  in  tin- 
lower  line,  when  it  can  be  done,  from  that  above  it,  and  set 
down  the  remainder. 

3.  But  if  any  of  those  figures  be  greater  than  those  above 
them,  add  ten  to  tiie  upper  one,  and  then  take  tiie  lower 
figure  from  it;  observing,  in  this  case,  to  carry  one  for  the 
ten  that  was  borrowed  to  the  next  lower  figure;  with  which 
})roceed  as  before ;  and  so  on  till  the  whole  is  finished. 

.METHOD    OF    PROOF. 

.\dd  the  remainder  to  the  less  number;  and  if  the  sum  be 
equal  to  the  greater,  the  work  is  right. 


(1.) 
1-rom    3287625 
Take    2343756 

Ihm.      94-3869 

Proof  3287625 


EXAMPLES. 

(2.) 
Trom  53271-67 
Take  1008+38 


Ix'eiit.    4319029 
Proof  5327467 


(3.) 
From  123+567 
Take   345678 

Rem.      888889 

Proof  1234567 


•  I ,  When  all  the  fibres  of  the  least  number,  in  this  rule,  arc  less  than 
tlicir  corrwpoiulin<r  (ii^ircs  in  the  greater,  the  dirtcrence  of  the  figures, 
in  tlio  several  like  i)hici-»,  must,  altogctlier,  make  tlie  true  diUercnce 
sought  ;  for,  as  tlie  sum  of  tlie  |i:»ris  is  equal  to  the  whole,  so,  likewise, 
must  the  sum  of  the  ditlereiices  of  all  the  similar  jiarts  Ix  equal  to  the 
difference  of  the  whole. 

•_'.  When  any  figure  of  the  greater  numl>er  is  less  than  its  correspond- 
ing ligure  in  the  least,  the  ten,  which  is  uiUle<l  by  the  rule,  is  the  value 
of  a  unit  in  the  next  higher  place,  by  the  nature  of  notation  ;  and  as 
the  one  which  is  added  to  the  next  figure  of  the  li-ss  niimlH-r  diminishes 
the  value  of  the  greater  accordingly,  this  is  only  taking  from  one  place 
md  adding  as  much  to  another,  by  wliich  the  total  is  not  chiuigetl.  So 
th;it.  by  this  means  the  larger  numlK-r  is  resolvc<l  into  such  p.irts  as  •rc 
each  greater  than,  or  wpial  to,  the  siniil.ir  part*  of  the  li-»s  ;  ami  conse- 
(|uently  the  difference  of  the  corresponding  figures  taken  together,  will 
njake  up  the  diflerence  of  the  whole,  as  Inrfore. 

The  truth  of  thj  method  of  pro<»f  is  evident ;  for  the  difference  of  two 
numliers  added  to  the  less  is  manifestly  equal  to  the  greater. 
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8  SIMPLE    SUBTRACTION. 

(4.)  (5.)  (6.) 

From    1472742  From   4007632  From  9069041 

Take    1251620  Take      909876  Take    1099876 


Rem.      221122  Rein.    3097756  Rem.    7969165 

Proof  1472742  Proof  4007632  Proof  9069041 

(7.)  From  2637804  take  2376982.  Ans.  260822. 

(8.)  From  3762162  take  826541.  Ans.  2935621. 

(9.)  From  8821360  take  378218.  Ans.  8443142. 

(10.)  What  is  the  difference  between  thirteen  thousand  and 
thirteen,  and  eleven  hundred  and  nine?  Ans.  11904. 

(11.)  What  is  the  difference  between  two  millions  seven 
thousand  and  eighteen,  and  one  hundred  and  five  thousand 
and  seventeen  ?  Ans.  1902001. 

(12.)  The  Indian  method  of  notation  was  first  known  in 
England  about  the  year  1150:  how  long  is  it  since  to  the 
year  1844?  Ans.  69^  years. 

(13.)  Sir  Isaac  Newton  was  born  in  the  year  1642,  and 
died  in  1727  :  how  old  was  he  at  the  time  of  his  decease  ? 

Ans.  85  years. 

(14.)  Homer,  according  to  the  Arundelian  marbles,  was 
born  2750  years  ago  :  how  many  years  was  that  before  the 
birth  of  Christ,  in  1843?  '  Ans.  901. 

(15.)  Christ  was  born  about  the  year  of  the  world  4000  ; 
the  flood  happened  in  the  year  1656:  how  many  years  was 
the  flood  before  Christ?  Ans.  2344. 

(16.)  The  mariner's  compass  was  invented  in  1302  ;  print- 
ing in  1440;  and  America  was  discovered  in  1492:  how- 
many  years  were  there  between  each  of  these  discoveries  ? 

Ans.  138,  190,  and  52. 

(17.)  A.  was  born  when  B.  was  21  years  of  age :  how  old 
will  A.  be  when  B.  is  47  ;  and  what  will  be  the  age  of  B. 
when  A.  is  60?  y4w*.  A.  26,  B.  81. 

(18.)  Gunpowder  was  invented  in  1334,  and  the  Reform- 
ation commenced  in  1370:  how  many  years  were  there  be- 
tween, and  how  many  are  there  since,  each  of  these  events, 
this  being  1843? 

Ans.  36  yr.  between,  and  509  and  473  since. 

(19.)  The  distance  from  London  to  Edinburgh,  bj'  the 
■way  of  Newcastle,  is  393  miles,  and  from  London  to  Newcastle 
272  miles  :  how  many  miles  are  there  between  Newcastle  and 
Edinburgh?  Ans.XIX. 


SIMPLE    MLLTIPLICATION. 


;c^im|)If  illultiplirntion. 

Simple  Multiplication  is  the  inothod  of  finding  whot 
any  pivi-ri  nunilK-r  of  one  (leunininution  will  amount  to  when 
rej)eate<i  a  certain  number  of  times. 

The  numixr  to  be  multiplietl  is  called  tlie  Multiplicand. 

The  number  you  multiply  by  is  called  the  Multiplier. 

And  the  number  found,  after  the  work  is  finished,  is  called 
the  I'roduct. 

Hotii  the  multiplier  and  multiplicand  are,  also,  in  general, 
called  Terms,  or  Factors. 


MULTIPLICATION  T.\BLES. 


riBST   TABUC 


2 

•re   4 

6  are  24 

I 

7 

ire  49    ' 

3 

6 

7 

28 

1 

8 

56    ! 

4 

8  1 

4 
times 

8 

32 

1      7 

9 

63 

5 

^0| 

9 

36       times 

10 

70 

6 

12  1 

10 

40 

1 

11 

77 

Twice 

1 

7 
8 

14 
16 

11 
l-J 

44 

48 

12 

84 

9 
10 

18 

8 

64 

20 

5 

25 

8 

9 

72 

1 

11 
12 

22 
24 

5 
times 

6 
7 
8 
9 

30 
35 
40 
45 

times 

10 
11 
12 

80 
88 
96 

S 

9 

1 

9 

81 

'1      '{ 

4 
5 
6 
7 
8 

12 

15 
18 
'21 

24 

10 
11 
12 

50 
55 
60 

!  •' 

tunes 

10 
11 
12 

90 

99 

108 

1  times 

6 

36 

10 
times 

10 

100 

j       4 

9 
10 
11 
13 

27 
SO 
33 
36 

'      6 
'  times 

1 
1 

7 

8 

9 

10 

II 

I'i 

42 

48 

11 
12 

no 

120  , 

54 
60 
6H 
72 

n 

1  times 

11 
12 

121    1 

132  1 

4 

16 

I     12 

19 

144! 

'    timn 

5 

90 

13 

78  j|  timM 

IS 

156 
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SIMPLE    MULTIPLICATIOX. 


SECOND 

TABLE. 

1 

2 

3 
6 

4 
8 

5 

6 

12 

18 

7 
14 

21 

8 
16 
24 
32 

9 
18 

27 
36 
45 
54 

10 

11 

12 

2 

4 

10 

20 

22 
33 

24 

3 

6 

9 

12 

15 

30 
40 

36 

4 

8 

12 

16 

20 

24 

28 

44 

48 

5 

10 

15 
18 

20 

25 

30 
36 

35 
42 

40 

50 

55 

60 

72 

6 



7 

8 

12 

24 

30 

48 

60 
70 

66 

14 

21 

28 

35 
40 

42 

49 
56 
63 

56 
64 
72 

63 

72 

77 

84 
96 

16 

24 

32 

48 

80 

88 

9 

18 

27 
SO 
33 
36 

36 
40 
44 
48 

45 

54 

81 

90 

99 

108 

10 

20 
22 

50 
55 
60 

60 

70 

80 

90 

100 
110 

110 
121 
132 

120 

11 

66 

72 

77 

88 

99 

108  * 

132 

12 

24 

84 

96 

144 

1 

1.  Place  the  multiplier  under  the  multiplicand,  so  that  units 
may  stand  under  units,  tens  under  tens,  »Sjc.,  and  draw  a  line 
below  them. 

2.  Begin  at  the  right-hand,  and  multiply  every  figure  in 
the  multiplicand  by  the  unit's  figure  in  the  multipliojr,  setting 
down  the  whole  of  such  products  as  are  less  than  teli  directly 

der  the  figures  that  are  multiplied. 

3.  But  for  those  that  surpass  ten,  or  a  number  of  tens^ 
ite  down  the  excess  only  ;  or,  if  there  be  no  excess,  a  ci- 

her,  and  carry  a  unit  for  every  ten  that  was  borrowed  to  the 
product  of  the  next  two  figures. 

4.  Proceed  in  the  same  manner  with  each  of  the  other 
figures  of  the  multiplier,  observing  to  place  the  first  figure  of 
every  line  immediately  under  the  figure  multiplied  by,  or  so 
that  it  may  stand  one  place  farther  to  the  left  than  that  in  the 
preceding  line. 

5.  Then  add  all  the  lines  of  products  together,  according 
to  the  order  in  which  they  stand,  and  their  sum  M'ill  be  the 
ansAver  or  whole  product  recjuired. 


SIMPLE     MILTM'MCATION'. 


II 


\()te.  Wlicn   tin;  multiplier   docs    not   exceed  twelve,   tlic 
prodiiet  must  be  written  down  as  it  arises,  at  one  operation. 

EXAMPLES. 

(1.)  Mult.     37.5982  (2.)  Mult.     TS9'2t3 

by __7       -  by  V2_ 

2631874  9470916 


•  1.  When  the  tnultiplifr,  in  this  rule,  is  a  single  (li;;it,  it  is  plain 
that  the  pnxliict  will  l)e  rij;litly  lieteniiinetl  by  the  method  here  given  ; 
for  l»_v  nuiltiplyiti;!  every  li;;iire  or  part  of  llic  iiuiltipliejiiii  l)y  this  digit, 
wc  in  effect  multiply  the  whole;  ami  writing  clown  the  pro<luct.s  which 
nre  less  than  ten,  or  tlie  excess  of  tens,  in  the  place  of  the  figures  multi- 
plied, and  carrying  the  number  of  tens  to  the  priniuct  of  the  next  place, 
is  only  collecting  the  similar  parts  of  the  resptclive  products  properly 
together,  according  to  their  values ;  whence  the  result  so  obtiined  must 
be  evidently  ecpial  to  the  whole  re<piircd  pioduct. 

'2.  If  the  multiplier  be  a  number  consisting  of  more  than  one  digit ; 
after  having  found  the  product  o(  the  multiplicand  by  the  first  figure  of 
the  nudtiplier,  as  above,  we  sujiposc  the  multiplier  to  be  divided  into 
parts  and  fmd,  after  the  s;ime  manner,  the  product  of  the  multiplicand  by 
the  second  figure  of  the  multiplier;  but  as  the  figure  we  are  now  multi- 
plying by  stands  in  the  ])lace  of  tens,  the  product  will  be  ten  times  its 
simple  value  ;  and  therefore  the  first  figure  of  this  pro<luct  must  be  put 
in  the  place  of  tens,  or,  which  is  the  same  thing,  directly  under  the  figure 
we  are  nuilti|ilying  by.  .\nd  by  j)rocecding  in  this  manner,  separately, 
with  all  the  figun-s  of  the  multiplier,  it  is  evident  that  we  shall  multiply 
nil  the  parts  of  the  multiplicand  by  all  the  (lurts  of  the  multiplier,  or  the 
whole  of  the  mtdtiplicand  by  the  whole  of  the  multiplier;  whence  these 
.several  prmiucUs  being  adde<l  together,  will  give  the  whole  retpiired 
product. 

To  this,  the  following  examples  are  subjoined,  in  or<ler  to  render  the 
reason  of  the  rule,  and  the  methotl  of  proof  above  given,  as  obvious  as 
poMible. 


(1) 
756.5   Multiplicand 
5    Multiplier 


(2.) 
1S754S5   .Multiplicand 
4567   Multiplier 


'25    ^          5 

300   =        60 

2500    =      .500 

:V5000  -  7a>o 

X 

X 
X 
X 

5 
5 
5 
5 

37825    -    7565 

06*28045  »  7  times  the  nudtd. 

R'2.t2610  ••  60  times  ditto. 

6877175  —  .500  time*  ditt«>. 

.5501740  =  4(XX)  timc!i  ditto. 


6-.>K|61l«i5    -    4.567  timet  ditto. 


It  may  here,  alsti.  be  ol)serve<l,  that  besides  the  mctho<l  of  proving  the 
truth  of  the  oi>eration,  as  before  given,  there   is  another  very  conTenient 
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12  SIMPLE    MULTIPLICATION. 

METHOD    OF    PROOF. 

Make  the  former  multiplicand  the  multiplier,  and  the  mul- 
tiplier the  multiplicand ;  and  if  the  product  found  from  this 
operation  be  the  same  as  before,  the  work  is  right. 

EXAMPLE    WITH    THE    METHOD    OF    PROOF. 


Mult.    2984 

Mult.    1342 

by    1342 

by    2984 

5968 

5368 

11936 

10736 

8952 

12078 

2984 

2684 

4004528  Prod,  or  Ans.  4004528  Proof. 


and  easy  one,  by  means  of  that  peculiar  property  of  the  number  9,  men- 
tioned in  Addition  ;  which  is  performed  thus  : 

Rule.  Cast  the  nines  out  of  each  of  the  factors,  as  in  addition,  and 
multiply  the  two  remainders  together;  then,  if  the  excess  of  nines  in 
their  product  be  equal  to  the  excess  of  nines  in  the  total  product,  the 
work  is  right. 

EXAMPLE. 

4215  -  -  3    =   excess  of  9's  in  multiplicand 
878  -  -  5    =    ditto  in  the  multiplier 


33720 
29505 
33720 


3700770  -  -  6    =   ditto  in  the  product ; 
which  is  equal  to  the  excess  of  9's  in  3  x  5,  or  15,  which  is  6. 

Demon,  of  the  Rule. — Let  9n+r  and  9«' +  r'  be  the  two  factors  to  be 
multiplied;  then  will  their  product,  or  (9«  + r)  x  (9n' +  r'),  be  equal  to 
9-nn'  +  9nr'  +  9n'r  +  rr'  ;  and  since  the  first  three  terms  of  this  are,  each, 
an  exact  number  of  9's,  it  is  evident  that  the  excess  of  9's  in  the  fourth 
term  rr',  will  be  the  same  as  the  excess  of  9's  in  the  whole  product ;  but 
r  and  r'  are  the  excess  of  9's  in  the  factors  themselves,  and  rr'  is  their 
product ;   whence  the  truth  of  the  rule  is  obvious. 

This  method  of  proof,  which  is  usually  ascribed  to  Dr.  Wallis,  is  of 
a  much  earlier  date,  being  given  by  Lucas  de  Buugo,  in  his  work  en- 
titled Summa  de  Arithmetica,  &c.  printed  in  folio  at  Venice,  1494;  and 
though  it  is,  in  many  respects,  a  very  convenient  rule,  there  are  circum- 
stances in  which  it  may  fail.  Thus,  if  two  or  more  figures  should  be 
transposed  in  the  work,  or  the  value  of  one  figure  be  too  great,  and  that 
of  another  as  much  too  little,  or  if  a  9  be  set  down  instead  of  a  0,  or  the 
contrary,  the  excess  of  nines  in  these  cases  will  evidently  be  the  same  as 
if  the  work  was  right. 
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EXAMPLKS    KOK    I'UACTICE. 

(3.)  Multiply  :}'i7i.)67'>  by  'J.  

(4.)  Multiply  .S7+M'iH7.')(>  l)y  :{.  

(5.)  Multii)ry  ')S(X»:H'27l-y  by  J-.  

6.)  Multiply  S ty.'>G7t5()7  by  5.  

7.)  Multiply  'J7+567.54<)i  by  (J.  

8.)  MultiplV  -)  W2^<+:}'28 17  by  8.  

9.)  Multiply  8(J+3')J>73()7  l)y'9.  

(10.)  Multijily  7965:M-'2Sf)  by"ll.  

(11.)  MwltiplV  3'J74-(;.5<vKil  by  I'i.  

(I'i.)  Multii)ry  7y'216S7.')(i  by' 15.  Aiis.  109H70:n3+0. 

(l:i.)  Multiply  9+7137^510  by  IS.  Ans.  17(HHJ-7<J980. 

(14.)  Multii.lV '273.-)8()9f)i  bV '23.  yl//x.  fi'29'23fi'2103. 

(15.)  MultiplV  27.30197()  by' '271.  Ans.  74.5303'rU)6. 

(]().)  Multiply  8'21(i4973  by  :i0'27.  A,is.  '248713:^73271. 

(17.)   Multiply  n'2473S(M- by  273.5(>.  Ans.  1709035023584. 
(18.)  Multiply  thirty-throe  inillioiis  thrt'i-  huiulrcil  thousand 
and  sixtecii,  by  one  lumdrt-d  an»l  Uventy  thousand 

and  four.  A, is.  39961 35 12Ut)64. 

CONTRACTIONS. 

I.  When  there  are  ciphers  in  the  numbers  to  be  multiplied. 

RULE. 

If  the  ciphers  are  at  the  right-hand  of  the  numbers,  multiply 
the  other  tifjures  only,  and  jtlace  as  many  ciphers  to  the  right 
of  the  product  ai*  are  in  both  the  factors. 

And  if  instead  of  being  at  the  ••nd,  they  are  in  any  part  of 
the  multiplier,  neghet  them  as  before,  observing  to  place  the 
lir>t  figure  of  every  product  exactly  under  the  figur*-  you  arc 
multiplying  by. 

EXAMPLES. 

(1.)  Mult.     4'2r,(XX3  ('2.)  Mult.     805706«> 

by       '2'2(K)0  by  7(K)5() 

h52  4O2S53450 

852  56399483 

Prwl.  937'2(XXKXK)  Pro<i.  .56-t397683450 


1' 
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(3.)  Multiply  461200  by  72000.  Ans.  33206400000. 

(4.)  Multiply  815036000  by  70300. 

Ans.  57297030800000. 

II.  When  the  multiplier  is  the  product  of  two  or  more  num- 
bers, each  of  which  does  not  exceed  12. 

RULE.  * 

Multiply  first  by  one  of  these  numbers,  and  then  the  product 
thus  arising  by  the  other,  and  so  on  for  the  rest ;  and  the 
result  will  be  the  answer  required. 

EXAMPLES. 

(1.)  Multiply  123456789  by  25,  or  5  times  5,  which  are 
equal  to  25. 

123456789 

5x5  =  25 


617283945 
5 

3086419725  the 

Product. 

(2.)  Multiply  785432  by  36. 

Ans.  28'2'75559. 

(3.)  Multiply  472849  by  45. 

Ans.  21278205. 

(4.)  Multiply  364111  by  56. 

Ans.  20390216. 

(5.)  Multiply  4612319  by  72. 

Ans.  332086968. 

(6.)  Multiply  7128368  by  96. 

Ans.  684323328. 

(7.)  Multiply  9248374  by  108. 

Ans.  998824392. 

(8.)  Multiply  8749056  by  120. 

Ans.  1049886720. 

(9.)  Multiply  61835720  by  132. 

Ans.  8162315040. 

(10.)  Multiply  123456789  by  1440. 

Ans.  177777776160. 

*  The  reason  of  this  method  is  obvious  ;  for  any  number  multiplied 
by  the  component  parts  of  another,  must  give  the  same  product  as  if  it 
were  multiplied  by  that  number  at  once. 

Thus  in  Example  the  First,  above  proposed,  5  times  the  given  number 
multiplied  by  5,  make  25  times  that  number,  as  plainly  as  5  times  5 
make  25. 
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.^iinplc  Dibisiion. 

Simple  Division  is  thf  imtliDil  ol' tiinliii^  how  often  one 
nunibiT  is  contained  in  anotiier  of  the  same  (ienoiniiiation. 

The  number  to  be  divi«ied  is  called  tlie  Dividend. 

The  number  you  divide  by  is  called  the  Divisor. 

And  the  number  of  times  the  dividend  contains  the  divisor 
is  called  tlie  (-Quotient. 

If  the  dividend  contains  the  divisor  any  number  of  times, 
and  some  j)art  or  parts  over,  those  parts  are  called  the  Re- 
mainder. 

RULE.* 

1.  Draw  a  small  curved  line  on  the  right  and  left  of  the 
dividend,  and  write  the  divisor  on  the  left. 

2.  Find  how  many  times  the  divisor  is  contained  in  as  many 
figures  of  the  dividend  as  are  just  necessary,  and  place  the 
result  on  the  rijjht  for  the  first  figure  of  the  <juotient. 

3.  Multiply  the  divisor  by  this  (|Uoticnt  figure;  and  iiaving 
subtracted  the  product  from  that  part  of  the  dividend  above 
mentioned,  bring  ilown  the  next  figure  of  the  dividend  to  the 
right  of  the  remainder. 


•  Accordinp  to  the  nile  here  pivcn,  we  resolve  the  dividend  into 
j)arts,  and  lind  liy  tri.il  the  niiinb.T  of  times  the  divisor  is  contained  in 
each  of  them  :  whence  the  only  thin;;  that  remains  to  l>e  proved  is  tliat 
the  several  tii^ures  of  the  i|uutient,  taken  a.s  one  number,  nceordin;;  to  the 
order  in  which  they  ore  placetl,  is  the  true  quotient  of  the  wliole  divi- 
dend by  the  divisor;   which  may  be  shown  thus  : 

The  complete  value  of  the  first  part  of  the  dividend  is  by  the  nature 
of  notation,  10,  100,  or  lOOO,  A;c.  times  the  value  it  is  taken  for  in  the 
operatiou,  accnrdmR  as  there  are  1,  'J,  3,  ^c.  figures  standin)^  after  it ; 
and  C()iisf<]tienlly  ihe  true  value  of  the  quotient  (injure,  iH-loiifjini;  to  that 
part  of  the  dividend,  is  also  10,  UK),  or  HXX),  8lC.  times  its  simple  %al«e; 
whici)  is  likewise  the  true  value  of  the  quotient  fijjure  U.-lonping  t«i  that 
part  of  the  tlividend,  as  found  by  the  rule ;  since  there  are  as  many 
figures  to  be  set  after  it  as  tliere  arc  remaining  figures  in  the  dividend. 
Hence  this  first  quotient  figure,  taken  in  its  ctmiplctc  value,  from  the 
place  it  stands  in,  is  the  true  quotient  of  the  divisor  for  the  first  p.irt  of 
the  dividend  ;  and  as  tlie  same  minle  of  reasoning  is  e<|ually  applicable 
to  every  other  step  of  the  operation,  it  is  plain  that  all  the  rest  of  the 
figures,  taken  in  order,  as  ihey  are  piace<i  by  the  rule,  make  one  numtn-r, 
which  is  e<|ual  to  the  sum  of  the  true  quotient  figures  of  all  the  several 
parts  of  the  dividend  ;  and,  therefore,  this  is  the  true  quotient  of  the 
whole  dividend  by  the  divisor. 
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4-.  Divide  the  remainder,  so  increased  by  the  divisor,  as 
before,  for  the  second  figure  of  the  quotient;  observing  if  it 
goes  0  times  to  put  a  cipher,  and  bring  down  another  figure 
to  the  quotient. 


Thus,  if  it  were  required  to  divide  8560  by  36,  the  work,  according 
to  the  process  here  pointed  out,  will  stand  thus : 

Divisor    36)8560  dividend. 

1st  part  of  the  dividend     8500 

36    X    200   =     7200  200  the  1st  quotient. 


1300 

add... 

60 

2nd  part  of  the  dividend 

1360 

36    X    30    = 

1080 

280 

add... 

0 

3  rd  part  of  the  dividend       2  80 

36    X    7    =        252  7  the  3rd  quotient. 

Last  remainder  28   237  sum  of  all  the  quotients. 

Which  number,  together  with  the  remainder,  considered  as  a  part  of 

another  unit,  is  the  answer. 

To  this  we  may  also  add  the  following  method  of  proof: 

Rule.    Cast  the  nines  out  of  the  divisor  and  quotient,  as  in  addition, 

and  to  the  product   of  the  tv/o  remainders  add  the  remainder,  if  any,  iu 

the  question  ;   then,  if  the  excess  of  nines  in  this  result  be  equal  to  the 

excess  of  nines  in  the  dividend,  the  work  is  right. 


76)47380(623 
456 

178 
152 

260 
228 

32 

Here  4  =  excess  of  9's  in  76,  and  2  =  do.  in  623  ;   whence  the  excess  in 
2x4  +  32,  or  in  40  =  4,  which  is  also  the  excess  in  47380. 

Tt  may  here  likewise  be  further  observed,  that  as  it  is  sometimes  diffi- 
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.'.  Proceed  with  tliis  result  as  with  the  ftirnur ;  and  so  on, 
till  all  the  Hj^ures  of  the  dividend  are  brought  down  ;  then 
the  entire  number  in  the  (juotient,  together  with  the  last  f?- 
rnaitider,  it' any,  will  be  the  answer. 

\,>/r.  When  the  divisor  does  not  exceed  1*2,  the  quotient 
must  be  written  down  as  it  arises,  immediately  under  tin- 
dividt-nd. 

MKTMOD    OF    PROOF. 

Midtiply  the  quotient  by  the  divisor,  and  add  the  re- 
maiiuler,  iV  any,  to  the  product ;  then  if  this  sum  be  equal  to 
the  dividend,  the  work  is  right. 

EXAMPLES. 

(1.)     6)823573        (2.)     8)1134789        (3.)     12)748277 


137262! 

141848^ 

62356y*7 

) 123456 
65 

(   lSf>i)          (5. 
65 

)  125^768478(6147 
750 

5S\. 
520 

645 

585 

9495 
11394 
21 

184 
125 

597 

1234.H5  Pronj: 

500 

60fJ 
585 

978 
875 

21 

103 

Proof  of  t/ie  5th  Example,  6147  x  125  i- 103=768478. 

mil  to  fiml  hon-  oOcn  the  divisor  may  be  had  in  the  nuinljcr»  of  the 
Mvornl  steps  of  the  operation,  tlie  Inr^t  wiiy  will  be  to  find  how  many 
tinid  the  tirst  lijrnre  of  tlie  divivir  is  cotitained  in  the  first,  oi  first  two 
tij»iiri>s  of  the  dividend,  nnil  tlie  answir,  made  levs  l)y  one  or  two,  will 
generally  l>e  the  lipure  wanted.  He^idi-s,  if.  after  sulitrnctinj;  the  product 
of  the  divisor  and  quotient  fipure  from  the  i\\\  idend.  the  remuimler  »hould 
lie  e<iual  to  or  exceed  the  divisor,  it  is  plain  that  the  figure  so  found  Is 
t(H)  small,  and  must,  therefore,  l>c  increast^^d  by  a  unit,  or  more,  till  ihc 
remainder  is  cither  O,  or  less  than  the  divisor. 
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EXAMPLES    FOR    PRACTICE. 

(6.)  Divide  37567892  by  2.  

(7.)  Divide  547485764  by  3.  

(8.)  Divide  65378376  by  4.  

(9.)  Divide  47823565  by  5.  

(10.)  Divide  2345678964  by  6.  ...... 

(11.)  Divide  1234567890  by  7.  

(12.)  Divide  9876543210  by  8.  

(13.)  Divide  1357975313  by  9.  

(14.)  Divide  570196382  by  12.  

(15.)  Divide  321768430  by  17.  Ans.  18927554ff. 

(16.)  Divide  321147368  by  27.  Ans.  118943464^4- 

(17.)  Divide  137896254  by  97.  A?is.  1421610|-f. 

(18.)  Divide  140637301  by  108.  Ans.  1302197fJi,. 

(19.)  Divide  3405657254  by  345.  Ans.  9S71470J-^. 

(20.)  Divide  5713070049  by  678.  Ans.  8426357^348. 

(21.)  Divide  29383945593  by  8405.       A?is.  3496007fi^. 

(22.)  Divide  4637064283  by  57606.         Ans.  80496aU?t5- 

(23.)  Divide  two  hundred  and  sixty-seven  millions  and  five, 

by  twenty-three  thousand  and  seventeen.    Ans.  11600^-^^V. 

(24.)  Divide   two    thousand   millions,    five    hundred  and 

eightj'-four  thousand   and  seventeen,  by  two   hundred  and 

nineteen  thousand,  five  hundred  and  sixty-one. 

Ans.mimm- 

CONTRACTIONS. 

Case  I.  When  ciphers  are  annexed  to  the  divisor. 


Cut  off  the  ciphers  from  the  divisor,  and  the  same  number 
of  figures  from  the  right  hand  of  the  dividend  ;  then  divide 
the  remaining  figures  by  each  other,  as  usual,  and  the  quo- 
tient will  be  the  answer  in  whole  numbers. 


*  The  reason  of  this  contraction  is  easy  to  conceive  ;  for  the  cutting 
ofif  an  equal  number  of  figures  from  the  divisor  and  dividend  is  the  same 
as  dividing  each  of  them  by  10,  100,  1000,  &c.  ;  and  it  is  evident  that  as 
often  as  the  whole  divisor  is  contained  in  the  whole  dividend,  so  often 
must  any  part  of  the  divisor  be  contained  in  a  like  part  of  the  dividend. 
This  method,  therefore,  is  only  introduced  to  avoid  a  needless  repetition 
of  ciphers,  which  would  happen  in  the  common  way,  as  may  be  seen  by 
working  an  example  at  large. 
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And  if  any  thing  remains,  after  this  division,  place  the 
figures  cut  oH"  from  the  dividend  to  the  riglit  hand  of  it,  and 
tlien  set  the  result  over  tiie  divisor,  for  the  fractional  part. 

KXAMPLES. 

(I.)  Divide  WJ7 tHfifK)  l>v '20. 
2,0)«J74-.S(39,6 


2337434-^^  quotietU. 


(2.)  Divide  31086917  bv  7100. 

7 1 ,00)3 1 0869, 17(43784 1  i  I  quotient. 
28+ 


268 
213 


556 

497 


599 
568 

31 

(3.)  Divide  738096+  bv  23000.  Ans.  320^j;gJ. 

(+.)  Divide  2"62.S7oi}>63  by  35000.     Ans.  846535  iV;;!;*. 
(5.)  Divide  10J2()i7S21  by' 770000.       Ans.  1 327 -' ^ ,', ;;  i; i- 

Cask  II.  When  tlie  divisor  is  the  product  of  two  or  more 
numbers  each  of  which  does  not  exceed  12. 

RLLE.* 

Divide  first  by  one  of  those  numbers,  and  then  the  quotient 
thus  arising  by  another,  and  so  on  ;  and  tlie  last  result  w  ill 
be  the  answer  recjuircd. 

•  This  follows  Tram  Contmction  the  3nl  In  Multipliouion,  of  vhich  H 
is  only  the  convomc  ;  for  ihc  third  jwirt  of  the  half  of  iiny  tiling  U  txU 
dintly  tlic  same  as  the  sixtli  part  of  the  whole ;  and  so  of  any  other 
numlKT. 

The  true  remainder,  in  question*  worktnl  hy  lhi»  contraciion,  tray 
nlso  ho  riHidily  found  hy  niultiplyinf;  the  qiiolirnt  hy  the  dniior,  and 
siihlraetin^  the  result  from  the  dividend  ;  for  lim-e  the  produet  of  the 
divisor  and  quotient,  when  added  to  the  renwiindcr,  ii  e«iual  to  th«  divi- 
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EXAMPLES. 

(1.)  Divide  3104-6835  by  56. 
Here,because56  =  7  x  8,      7)31046835 
we   divide    separately    bv 
these  numbers.  '         8)4-435262—1' 


>43  remaijider. 


Quotient      554407 — 6 

Tlierem.=(6x7)+1=43.        

(2.)  Divide  7014596  by  72.  "  A7is.  97424fa. 

(3.)  Divide  5130652  by  132.  Ans.  38868-,^^ 

(4.)  Divide  83016572  by  240.  Ans.  345902^%. 

dend,  their  product,  taken  from  the  dividend,  must  necessarily  leave  the 
remainder. 

But  the  rule  which  is  commonly  made  use  of  for  this  purpose  is  the 

following  : 

IMuItlply  the  last  remainder  by  the  preceding  divisor,  or  last  but  one, 
and  to  the  product  add  the  preceding  remainder  :  then  multiply  this 
sum  by  the  next  preceding  divisor,  and  to  the  product  add  the  next 
preceding  remainder ;  and  so  on  till  you  have  gone  through  all  the 
divisors  and  remainders  to  the  first. 

EXA31PLE. 

Let  64865  be  divided  by  108  =  9  x  4  x  3  ;      or  1  the  last  remainder. 
9)64865  Mult,  by  4  the  preceding  divisor. 


4)7227 2  4 

Add  3  the  2d  remainder. 

3)1801— 3   Here,  3  =  3  X  9  =  27  — 

7 

600 — 1    Here,  1  =  1  x  4  x  9  =  36       Mult,  by  9  the  first  divisor. 

Rem.  65  63 

—  Add  2  the  first  remainder. 

Or,  108)64865(600^5g^ns.  — 

648  65  the  true  remainder. 


65 

To  explain  this  rule  from  the  example,  it  is  only  necessary  to  observe, 
that  every  unit  of  (he  first  quotient  may  be  considered  as  containing  9 
of  the  units  in  the  given  dividend;  consequently  every  unit  that  remains 
will  contain  the  same  ;  therefore  this  remainder  must  be  multiplied  by  9  ill 
order  to  find  the  units  it  contains  of  the  given  dividend.  Again,  every 
unit  In  the  next  quotient  will  contain  4  of  the  preceding  ones,  or  36  of 
the  first,  that  is,  9  times  4 ;  therefore  what  remains  must  lie  multiplied 
by  36  ;  or,  which  is  the  same  thing,  by  9  and  4  continually  ;  which  is 
the  same  as  the  rule  :  for  instead  of  finding  the  remainders  separately, 
they  are  reduced  from  the  bottom  upwards,  step  by  step,  to  each  other, 
and  the  remaining  units  of  the  same  class  are  taken  in  as  they  occur. 
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Cask  III.  To  perform  division  more  concisely  than  by  the 
ruk-  gfiKTally  used. 

ULLE. 

Multiply  tlir  divisor  by  thf  quotient  fifjures  as  before,  and 
subtract  eacli  tijzurt-  of  the  product  frtun  the  dividend,  as  you 
produce  it;  always  rememlxrinj;  to  carry  as  many  units  to 
the  next  figure  as  were  borrowed  before. 

EXAMPLES. 


(1.)  Divide  310+6758W>  by  HSli. 

833)3104675846(3727101^1]  the  q 


quotient. 


6056 


5915 
848 
1546 
713 
(2.)  Divide  47296478  bv  83.  Ans.  569837^^;;. 

(3.)  Divide  27085946  by  216.  Ans.  125397'^*. 

(4.)  Divide  291370<)2  bv  5317.  Ans.  o\':9^,'\\^. 

(5.)  Divide  62015735  bv  7803.  Ans.  7947^^;;^-. 

(6.)  Divide  43275628456  by  S7346.     Ans.  495450^= -56. 

Compounti  3tJition. 

CoMPOLSD  .AuDlii'iN  i-^  the  iii(IIk)i1  of  collecting  several 
numbers  of  different  denominations  into  one  sum. 

RULE.* 

1.  Place  the  numbers  so  that  those  of  the  same  denomina- 
tion may  stand  directly  under  eacii  other,  and  draw  a  line 
below  them. 

2.  Add  uj)  the  figures  in  the  lowest  dt'uomination,  and  find 
how  niaiiv  units  or  ones,  of  the  next  high»-r  denomination 
,.u'  coiiLaiued  in  their  sum. 

3.  Set  down  the  n-mainder,  and  carry  the  rest  to  the  next 
denomination,  which  add  up  as  before,  and  so  on  through 

•  Tills  rule  in  nlso  evident  from  what  has  been  saiil  in  Simple  .Adtlition  ; 
for,  in  tlic  adiiinj;  of  money,  as  I  in  the  |H?nce  is  e<|ual  to  4  in  the  far- 
thinps,  I  in  the  shillings  to  \'I  in  the  pence,  and  I  in  tlie  |Hiiind»  lu  '20 
in  the  shillings  it  is  plain  that  carrying  as  diri<cted  is  notliinfr  more 
tlian  proviilin;;  a  melhud  of  placinji  the  money  arising  fiom  i-ach  column 
properly  in  the  scale  of  dcnomin;itions ;  imd  this  reasonini;  will  hold 
j;i)«iil   in  the  addition  of  comjHJund  numbers  of  any  denomination  what- 


^ 
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all  the  denominations  to  the  highest ;  then  this  sum,  toge- 
ther with  the  several  parts  before  found,  will  be  the  answer 
required. 

The  method  of  proof  is  the  same  as  in  simple  addition. 

TABLES    OF    MONEY. 

2  Farthings  make  1  Halfpenny  ^. 

4  Farthings  1  Penny         d. 

12  Pence         1  Shilling       s. 

20  Shillings    1  Pound  L 

^d.=l  Farthing.    Id.=z2  Farthings.     "id.  =  3  Farthings. 
Farthings,  d. 

4=      1       s. 
48=   12=   1     /. 
960=240=20=1 

N.B The  present  gold  coins  in  circulation  in  England, 

are  the  Sovereign,  valued  at  205. ;  the  Half  Sovereign  lOs. 
The  silver  coins  are  the  Crown,  or  5s.  piece  ;  the  Half-Crown 
2s.  Qd.;  the  Shilling  \2d.;  the  Sixpenny  piece  6d.;  the  Four- 
penny  piece  4c?.  The  copper  coins  are  the  Penny,  equal  4 
farthings ;  the  Half- Penny,  2  farthings  ;  and  the  Farthing 
piece,  four  of  which  make  a  Penny  ;  and  the  Half- Farthing, 
8  of  which  make  a  Penny. 

The  old  gold  coins  were  the  Guinea  valued  at  21 «. ;  the 
Half-Guinea  105.  6.^.  ;  the  Moidore  21s.;  a  Mark  13*.  Ad.; 
the  Seven-Shilling  piece  7*. ;  and  an  Angel  6s.  Sd.* 

*   The  weight  and  value  of  English  gold  and  silver  coins  are  as  follows : 
Gold.  Value.    Weight. 

I.     s.   d.    dwt,  gr. 

A  Guinea 1      1   0  ...  5     8 

Haifa  Guinea  ..  0  10  6  ...  2  16 
A  Sovereign  ....  1  0  0  ...  5  3 
Half  a  Sovereign  0  10  0  ...  2   13i 

A  pound  weight  avoirdupois  of  copper  is  coined  into  23  pence. 

The  value  of  gold,  Mint  price,  is  3/.  17s.  IQlc?.  an  ounce,  or  nearly  2rf. 
a  grain,  and  that  of  silver  about  5s.  an  ounce. 

Also  22  parts  of  fine  gold,  and  two  parts  of  copper,  or  otiier  alloy, 
melted  togetlier,  are  esteemed  the  true  standard  for  gold  coin  ;  in  whicli 
case,  any  mass,  so  m.ixod,  is  said  to  be  of  22  carats  fine.  What  is  called 
the  New  Standard,  used  for  watch  cases,  &c.,  is  18  carats  fine. 

And  222  dwt.  or  11  02.  2  dwt.  of  fine  silver  and  1 S  dwt.  of  copper, 
melted  together,  are  the  standard  for  silver. 

A  pound  troy  of  standard  gold  makes  46-[^^  sovereigns,  or  44^  guineas ; 
and  a  pound  weight  of  silver  makes  66  shillings.  A  sovereign  contains 
123-274  grains  of  standard  gold,  or  11 3 -001  grains  of  pure  gold  and 
10-273  grains  of  alloy. 


Silver. 

Value. 

Weight 

s.    d. 

dwt.  gr. 

A  Crown 

..5     0  .. 

...  19     81 

Half  a  Crown 

.2     6  .. 

...     9   16^ 

Shilling 

.1      0  .. 

...     3  21 

Sixpence 

..0     6.. 

....          1       22;' 
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Shillings  and  Pcncb  Tables. 

s. 

/.    s. 

d.            s. 

d. 

8. 

d. 

20  are 

1      0 

12  make  1 

20  are 

1 

«      1 

30 

1    10 

24             2 

30 

<2 

(i 

40 

2     0 

36             3 

40 

3 

4 

1       50 

2   10 

48             4 

50 

4 

1 

60 

3     0 

60             5 

60 

.■> 

0    1 

70 

3   10 

72             6 

70 

5 

10    1 

1       80 

4     0 

84             7 

80 

6 

» 

^0 

4    10 

96             8 

90 

7 

« 

1(K) 

.')     0 

lOS             9 

UX) 

8 

4     1 

no 

.->   10 

120           10 

110 

9 

9 

I'JO 

6     0 

132           11 

120 

10 

"  1 

EXAMPLES    OF    MON'EY. 

(1.)    /.       s.     (/.      (2.)    /.      .S-.      (/.      (3.)      /.       s.     (I. 
173   13     5  705  17     31,  1275   12     4 


87  17  7-J 
75  18  7* 
25  17  8| 
10  10  lOA 


•S'mct  376     3  10 


202  10     5 


354  17 

175  17 

87  19 

52  12 

27  10 


7J. 


1401.   14     6" 


698   17     3 


700  10  lOA 
25  13     S" 

5  17 
0  18 
0   17 


4 

8 
0 


200<)     9  10 


733  17     6 


Proof  5": 6     3   10  1401.   14     6\ 


2009  9  10 


(4.)  /.  s. 
228  14 
327  18 
579  12 
109  18  10 
730  10  U 
185  14  2' 


d. 
6 


(5.)  /.  .V. 

678  13 

287  6 

438  15 

325  17 

840  12 

426  17 


d. 

2 

2 

8+ 


(6.) 


/.    .V. 

678  5 

87  10 

123  8 

16 

o 


47 
307 


d. 
10 

9i 

8 

<) 

0 


187  16  lOi 


.S'm/m 
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(7.)  I      s. 

d. 

(8.)  I      s. 

d. 

(9.)   /.  s. 

d 

368  10 

3 

567     8 

9 

1728  10 

SI 

257  10 

5 

259  16 

8^ 

457  10 

6 

88  11 

41 

287  16 

'J't 

328  19 

9f 

33  10 

0 

87  15 

4 

478  12 

21 

12  13 

5 

25  16 

8 

238  14 

10 

8  8 

8i 

24  10 

2 

50  10 

61- 

Sum 


Proof 


(10.)  A.  owes  B.  for  bread  9/.  6s.  3^d.;  for  cheese,  4/.  3s.; 
for'  tea,  10/.  9s.  5d. ;  for  butter,  SI.  Os.  2\d. ;  for  sugar, 
125/.  05.  2^rf.;  and  for  other  articles,  26/.  ISs.  6^d.  What 
is  the  amount  of  the  whole  debt?     A?is.  178/.  12s.  S\d. 

EXAMPLES  OF  WEIGHTS  AND  MEASURES. 

TXt07  -WEIGHT.* 

24  Grains  (gr.)    make   1   Pennyweight  dwt. 

20  Pennyweights  1   Ounce  oz. 

12  Ounces  1   Pound  lb. 

100  lbs.  =  1  Hundred  Weight,  and  20001bs.  =  l  Ton. 
gr.     diet. 
24=     1       oz. 
480=  20=   1     lb. 
5760=940  =  12=1 
According  to  an  Act  of  Parliament  passed  the  13th  of 
August,  1834,  the  only  articles  that  are  allowed  to  be  sold  by 
Troy  W^eight  are  Gold,  Silver,  Platina,  Diamonds,  or  other 
Precious  Stones,  and  Drugs  when  sold  by  retail,  t 


*  Imperial  Troy  Weight.  —  Standard  :  One  cubic  inch  of  distilled 
water,  at  62°  Fahrenheit's  thermometer,  the  baromettr  being  30  inches, 
weighs  252-458  grains  troy. 

f  The  original  of  all  weights,  used  in  England,  was  a  grain  of  wheat, 
taken  out  of  the  middle  of  the  ear,  and  well  dried,  32  of  which  were  to 
be  considered  as  a  pennyweight.  Goldsmiths  and  jewellers  have  a  par- 
ticular class  of  weights  for  gold  and  precious  stones,  viz.  the  carat  and 
grain,  and  for  silver  the  pennyweight  and  grain. 
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EXAMPLES. 

(1.)  lb. 

o;. 

(/vt. 

5^- 

(2. 

)lb. 

01. 

dwl. 

.'?'■. 

Add   U 

6 

12 

i:j 

Add 

10 

8 

11 

17 

17 

5 

.') 

12 

42 

5 

16 

12 

15 

0 

9 

hi 

12 

2 

14< 

18 

2 

1 

1.5 

20 

51 

6 

0 

22 

13 

'2 

10 

19 

24 

n 

17 

17 

4 

1 

5 

21 

29 

i 

IS 

22 

(5.)  Ih. 

oz. 

diet. 

j/r. 

Add   49 

H 

1 

10 

5(> 

3 

13 

23 

99 

11 

\U 

I 

29 

9 

9 

0 

30 

10 

3 

'J 

Sum      6()     11      IS       .1  Sum    171 


(:j.)  «.. 

oz. 

dwl. 

y- 

(•»■ 

)  ft. 

o;. 

(/ic/. 

9"- 

Add  100 

10 

19 

20 

Add 

71 

fi 

13 

14 

32 

6 

0 

5 

91 

11 

9 

12 

80 

3 

o 

1 

30 

6 

() 

13 

1 

0 

0 

9 

94 

1 

3 

18 

0 

11 

19 

23 

42 

10 

1.5 

20 

0 

0 

s 

9 

;u 

(J 

0 

21 

Sum    221       8     10     19  Sum   3fi2       ()     10 


(6.)  lb. 

oz. 

dtrr 

!f- 

Add  27 

10 

17 

18 

117 

9 

12 

14 

1.33 

G 

13 

13 

240 

11 

13 

15 

.330 

0 

19 

8 

10       0     18     20  220       0       0     23 


(  7)  Wliat  is  the  sum  of  4S  11).  1 1  oz.  IS  dwt.  21  gr.;  42  11j. 
lOoz.  14d\vt.;  40lb.9o/..  1«  tlwt.20gr.;  3«J  lb.  S  oz.  I5d\vl. 
22  gr.;  381b.  10  oz.  10  dwt;  and  53  lb.  17  dwt  13gr.? 

*   N.  B.   For  thv  knswcn  to  thcw  aud  tlie  oUicr  questions  am  the  Kc> . 

C 
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AVOIRBTVPOIS  DVEIGRT.* 

16  Drams  {dr.^             make  1   Ounce  oz. 

16  Ounces                      1   Pound  Jb. 

14  Pounds                       1   Stone  f  st. 

28  Pounds,  or 2  Stones  1   Quarter  qr. 

4  Quarters,  or 8  Stones,  1         ,    yy      i     i  tir  •   w 

11^, ,,  J- —  1   Hundred  Weisrht     cwt 

or  112  lbs.  J  ° 

20  Hundred  Weight      1   Ton  ton. 

A  fother  of  lead  is  19^  cwt.  in  London,  but  in  the  north  it 
is  21  cwt.,  in  some  places  20  cwt.,  and  in  others  22  cwt. 


*  Note.  1  pound  Avoirdupois  is  7000  grains  Troy  =  14  oz.  1 1  dwt. 
16  grs.  Troy,  and  1  lb.  Troy  is  =  5760  grains,  or  12  oz.  Troy.  Hence, 
the  Troy  pound  is  less  than  the  Avoirdupois  pound  in  the  proportion  of 
.5760  to  7000,  or  of  14  to  17  nearly  ;  but  the  Troy  ounce  is  greater  than 
fhe  Avoirdupois  oz.  in  the  proportion  of  480  grs.  Troy  to  437^  grs.  Troy, 
or  nearly  in  the  proportion  of  79  to  72. 

It  is  likewise  to  be  remarked,  that  56  lb.  of  old  hay,  60  lb.  of  new,  or 
36  lb.  of  straw,  make  1  truss,  and  36  trusses  make  a  load  of  hay  or  straw. 

ASSAY    WEIGHTS. 

Gold,  Silver. 

4  Grains  make 1  Carat    1  20  dwts.  make  1  oz, 

24  Carats 1  Pound  |  12  oz lib. 

But  the  carat  used  in  weighing  diamonds  is  nearly  equal  to  3^  grains, 
for  an  ounce  troy  is  equal  to  151;|  carats. 

OTHER    WEIGHTS    USUALLY    DENOMINATED    BY    MEASURES. 

Ih.       OZ. 

A  peck  loaf  of  bread  weighs 17     6 

A  half  ditto  8   11 

A  quarter  ditto 4     5^ 

A  peck  of  flour  is  1  stone 14     0 

A  bushel  of  ditto  is  4  stone 56     0 

A  sack,  or  5  bushels  of  ditto  is  20  stone 280     0 

A  firkin  of  butter 56     0 

Although  we  speak  of  flour  and  bread,  especially  in  London,  as  if  they 
were  sold  by  measure,  they  are  in  reality,  and  can,  legally,  only  be  sold 
by  weight ;  the  quartern  loaf,  when  baked  and  sold  to  the  public,  should 
weigh  4  lbs. 

f  Observe,  although  it  is  enacted  by  the  4  &  5  Will.  4.  c.  49.  sec.  12., 
that  the  stone  shall  consist  of  14  lbs.,  and  that  all  contracts  made  by  any 
other  stone  shall  be  null  and  void;  yet  it  is  the  established  custom  in 
London,  notwithstanding  the  law,  to  buy  and  sell  meat,  especially  in  the 
wholesale  market,  at  8  lbs  to  the  stone. 
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(Jrains, 

27  H=  1   T>nm. 

437 '\=         ](>=  I   ()imc.\ 

7(XX)=       2.'»f;=        16=       1   Pouiul. 

7l()S=     4-i8=     28=    1   Quarter. 
28(J72=   1792=    112=   i=    I    Hmul.  Wt. 
.57;Ht()  =  35SK)=22K)  =  S()=2()=l  Ton. 

^  Avoirdupois  wciglit  is  the  only  weight  tiiat  can  be  legally 
used  in  this  kingdom  for  weighing  all  things  of  a  coarse  or 
drossy  nature,  as  grocery  wares,  butter,  cheese,  meat,  bread, 
corn,  Sic,  and  all  nuUds,  except  gold  and  silver. 


EXAMPLES. 

(I.)  T. 

ctct. 

qr.  Ih. 

(2.)  Cwl. 

qr.  lb. 

oz. 

(3.)  Qr.     lb.  oz. 

42 

14 

2  20 

20 

3  27 

15 

15  9  13 

59 

12 

1  14 

12 

0  0 

6 

17  14  9 

76 

13 

3  22 

10 

1   3 

9 

24  13  7 

47 

17 

1  17 

(J 

2  S 

4 

19  10  11 

36 

10 

2  9 

4 

2  20 

13 

16  8  13 

49 

9 

1  16 

27 

0  21 

2 

10  13  6 

57 

14 

2  11 

8 

1  2 

0 

12  4  14 

3 

4 

3  24 

0 

2  13 

12 

21  20  10 

:r:5 

17 

;<  21 

fK) 

2  13 

13 

137  12  3 

(4.)  Qr.  lb.      oz.  dr. 

(5.) 

Cirt. 

ijr.    III.     OS. 

(6.) 

Qr.  lb.  oz. 

1  25  14  9 

12 

1  10  10 

19  7  12 

2  20  1  15 

8 

2  6  0 

17  9  8 

3  6  7  3 

19 

3  15  5 

14  26  5 

0  18  12  11 

/ 

0  20  14 

13  20  13 

2  27  3  2 

11 

1  27  11 

15  17  9 

1  19  8  1 

5 

2  19  7 

18  12  11 

3  0  1.')  5 

13 

1  IS  9 

19  16  3 

2  0  0  13 

' 

0  5  10 

21  15  14 
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(7.)   Qr 


?r.  lb.       oz. 

dr. 

(8.)  Cwt. 

qr.     lb.     oz. 

(9.)  Qr.    lb.  oz. 

3  25  10 

8 

51 

3  19  0 

48  20  13 

2  5  3 

11 

17 

0  26  15 

17  12  9 

1  2  14 

0 

18 

1  12  8 

16  14  7 

0  26  12 

15 

12 

2  0  14 

20  19  8 

1  0  5 

1 

14- 

1  0  10 

23  2  14 

2  4  6 

7 

13 

2  0  13 

21  1  10 

1  9  8 

7 

10 

1  20  12 

14  17  0 

7  0  5 

6 

18 

1  2  9 

10  17  12 

(10.)  A  shopkeeper  bought  3  qrs.  141b.  of  teas  ;  1  qr.  23  lb. 
of  coffee  ;  3  cwt.  2  qrs.  5  lb.  of  sugars  ;  2  qrs.  3  lb.  13  oz.  9  dr. 
of  spices;  13  cwt.  1  qr.  24  lb.  of  hops^  and  other  articles 
weighing  3  cwt.  17  lb.  7  oz.  13  dr.  What  is  the  weight  of  the 
whole  ? 


APOTRECilRIES'  "WEIGHT. 

20  Grains  (ffr.)  make  1  Scruple  sc.  or  3J'  * 

3  Scruples         1  Dram  f  dr.  or  5j. 

8  Drams  1  Ounce  oz.  or  §j. 

12  Ounces  1  Pound  lb.  or  Ib.j. 

Grains. 

20=     1  Scruple. 

60=     3=   1  Dram. 
480=  24=   8=   1  Ounce. 
5760=288=96=12=1  Pound. 

The  standard  for  this  weight  is  the  same  as  that  of  Troy 
weight,  but  with  different  divisions,  the  ounce  being  divided 
into  8  drams  or  24  scruples.  ^Medicines  are  compounded  by 
this  weight ;  but  drugs  are  usually  bought  and  sold  by 
avoirdupois  weight. 


'  Physicians  chiefly  make  use  of  the  latter  characters,  in  the  above 
table,  in  writing  their  prescriptions. 

t  Dram,  which  is  sometimes  written  drachm,  is  a  contraction  from 
drach?na. 
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EXAMPLES. 

(I.)    Ih.        0.-. 

dr. 

sc. 

(•-'•) 

Or. 

dr.    fc.    qr. 

(.1.)   /)r. 

*c.   fjr. 

2i     7 

o 

1 

11 

2     1    17 

.S 

2  1.5 

17  11 

" 

1} 

1 

4     2  It 

0 

1    13 

36     (» 

') 

0 

4 

0     1    19 

2 

2   11 

1.5     9 

1 

1 

o 

.->     2   11 

7 

0   17 

9     3 

i 

1 

10 

1      2   \G 

.5 

2   14 

IG  10 

•A 

o 

s 

7      1    l:{ 

fi 

1      0 

4     0 

1 

1 

9 

0     0  11 

0 

0   19 

12.')     1     7     2  .•)3     7     2     1  27     0     9 


//».      o;. 

</r. 

sc. 

(O.)      Oi. 

dr. 

»o.    yr. 

(0-.) 

7;r. 

sc.    <ir. 

17     6 

.) 

o 

8 

.t 

1     8 

7 

1  r. 

33     9 

1 

0 

1 

6 

2  13 

4 

0    :j 

20     8 

~ 

1 

11 

7 

0     0 

0 

2  10 

86  11 

3 

2 

10 

0 

0   16 

4 

1    12 

90     4 

0 

0 

1 

2 

2     3 

6 

0     0 

.32   10 

6 

2 

0 

- 

1    lf> 

" 

2  19 

(7.)  An  Apothecary  made  a  composition  of  five  ingredients; 
the  first  weighed  3  lb.  7  oz. ;  tlie  second  1  oz.  7  dr.  13gr. ; 
the  third,  711).  2sc. ;  the  fourth.  11  II).  3  dr.  1  sc. ;  and  the 
fifth,  ,)  lb.  ')  oz.  2  dr.  1  sc.  7  gr.  Wliat  was  the  weight  of  the 
whole  ? 

'WOOIi  "WXICHT.  * 

7     Pounds  (//».)  make  1  CMove  (7. 

14     Pounds,  i»r  2  Cloves  1  .Stmu*  st. 

28     P«)unds,  or  2  Stone  1  Tod  til. 

€y\  Tods  1  Wry  try. 

2    Weys,  or  .364  lbs.  1  Sack  sa. 

12    Sacks,  or  4.3<38  lbs.  1  Last  la. 

And  a  Pack  of  wool  is  12  score,  or  240  pounds. 


•  Tlic  <*tono  torincrly  variwl  in  wi-i^tlit  in  diflorcnt  cminticn.  In 
(;ioii«~itor<liiri'  it  was  15  lb.,  and  in  Ilcrofordnhirc  only  \'2  11). 

The  s.ninc  may  also  lie  said  witl>  ri>s|)ccl  to  «  stom-  o(  meat,  which,  in 
London,  is  8  lb.,  but  in  the  northern  counties,  and  some  other  |>«rt<  of 
the  kingdom,  K!  lbs.  ;  though  14  lln.  is  the  only  legal  standard. 
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Pounds. 

7=     1  Clove. 
14=     2=     1  Stone. 
28=     4=     2=     1  Tod. 

182=  26=  13=     61=   1  Wey. 

364=  52=  26=  13  "=  2=  1  Sack. 
4368=624=312=156  =24=12=1  Last. 


EXAMPLES. 

La. 

so. 

wy. 

td. 

(2.) 

Jf>.  i«?.  St. 

d. 

(3.) 

St. 

cl. 

lb. 

21 

9 

1 

5 

11  4  1 

1 

20 

1 

6 

18 

7 

0 

4 

0  2  0 

1 

13 

0 

2 

9 

10 

1 

6 

21  6  1 

1 

15 

0 

5 

7 

11 

1 

3 

0  5  0 

0 

10 

1 

6 

8 

1 

0 

2 

0  4  I 

1 

7 

0 

3 

66 

5 

0 

oi 

35 

Si 

2 

1 

0 

67 

1 

1 

(4.)  ia. 

sa. 

K1/. 

<rf. 

(5.) 

%. 

^t/. 

s<. 

c/. 

(6.) 

St. 

cl. 

lb. 

29 

8 

1 

4 

20 

2 

1 

1 

15 

1 

4 

19 

7 

1 

6 

13 

4 

0 

1 

16 

0 

3 

8 

6 

0 

5 

17 

5 

1 

0 

19 

0 

2 

0 

10 

1 

3 

9 

3 

1 

1 

10 

1 

1 

0 

0 

0 

6 

4 

6 

1 

0 

8 

0 

4 

84 

9 

1 

2 

3 

0 

1 

1 

7 

1 

2 

(7.)  Sa. 

wy. 

td. 

St. 

(8.) 

io. 

wy. 

td. 

St. 

(9.) 

Sa. 

wy. 

/6. 

45 

1 

3 

16 

5 

4 

1 

14 

1 

4 

17 

0 

6 

0 

14 

3 

2 

1 

13 

0 

5 

28 

1 

0 

19 

9 

5 

0 

10 

1 

3 

13 

0 

5 

17 

2 

1 

1 

7 

0 

4 

9 

1 

4 

6 

8 

6 

1 

8 

0 

3 

5 

0 

3 

4 

7 

3 

1 

6 

1 

0 

2 

1 

0 

4 

12 

-1 

0 

5 

0 

3 

coMPoi'sn  ADDirrov.  .TI 

Z.ONO  MSASXTSa,   OR  MIL&StniES   OF  XiEITCTH. 

3     M;irlcy-ci»ri)s  (//^f/-. )  •         inakr  1   liicli  m. 

VI    Inches                                  1  Foot  ft. 

.'i     Feet,  or  .%  inches             1  Yard  y<L 

6     Ft'i't,  or  '2  yards                 1  Tatlioni  fth. 

5i  Yards^l  IV-rch  or  1  PoU- or  Rod    pn. 

'K)    Pt)Ics                                    1  Furlong  j'nr. 

8     Furlongs,  or  17()0  yards  1  Mile  mi. 

3    Md«'s                                  1  League  Ua, 

60    Geographical  miles,  or  1             ,  t^  .            n 

i^\)\  Hritish  mile.       j ^  ^'^g''^^  ''''^-  '^'^ 

0''.».  Ainotip  niochanics  the  inch  is  usually  divided  into  rifihts.  By 
the  oHicfPi  (if  the  revenue,  antl  hy  seienlitie  persons,  it  is  di^  ided  into 
lenlfii,  /luniireilth.i,  &:c.  Formerly  il  «-:ls  made  to  eonsist  of  12  parts 
called  Unci. 

Bar. 

8=  1  Inch. 

36=       1'2=       1  Foot 
108=        'M]=       3  =        1  Yard. 
59*=      U»S=      16i=       5h=      1  Pole. 
23760=   7920=  6fK)"=   220"  =    1-0  =  1  Furlong. 
190080=63360=5280  =1760  =320=8=1  Mile. 

KXAMPLES. 
(1.)    .V».    fMT.pa.    yds.  ('.'.)    Po.    yih.    ft.    in.  (3.) 


72 

7 

3H 

<j 

51 

5 

20 

3 

20 

•!• 

39 

5 

12 

0 

6 

4. 

21 

2 

0 

1 

32 

1 

5 

3 

20 

4- 

2 

11 

10 

1 

1 

8 

13 

o 

0 

7 

31 

0 

1 

10 

12 

5 

2 

0 

5 

!} 

1 

6 

)  )'./*. 

A 

i«. 

19 

o 

{) 

17 

0 

5 

18 

1 

t 

12 

0 

1 

24 

1 

10 

20 

2 

11 

210     5  31      1^  9+     U  1     6  113     0     7 

•  'Hu'  length  of  .\  l»arley-coriis  wn.i  formerly  rrckuned  nn  inch,  but  a 
Imriey.eorn  lH:in^  no  exact  standard  of  measure,  it  was  determined  by 
nn  act  of  |>arliament,  parsed  June  ITlh,  1  S'i4.  that  the  stindurd  fur  liie 
ntensure  of  lenjjth  shall  Ik-  the  imperin/  ttnndanl  yard  of  M  inches,  »  hen 
compared  witli  the  length  of  the  pendulum  vibratinfj  seconds  of  mean 
time  in  the  latitude  of  Ixindon,  in  a  vacuum,  nt  the  level  of  the  tea,  being 
in  the  proportion  of  .S»>"  to  39139:5  inches. 

The  standard  yard,  formerly  preserved  at  the  House  of  Commons,  was 
destroyed  b_\  the  fire  which  consumed  the  two  housi's  of  parliament  in 
li^'M  ;  so  that  the  country  is  now  without  a  lopal  »Un(Urd  of  measure, 
except  tliu  one  cuiMtructvd  for  the  lioynl  AttniHomical  Socitly'o(  London. 
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(4.)  Mi. 
37 

fur.  po. 
3  14 

yds. 
2 

(5.) 

Lea. 

13 

mi. 
1 

fur.  po. 

7  10 

(6.) 

Mi.  fur.  po. 

13  7  30 

28 

4  17 

3 

40 

2 

6  30 

15  0  19 

17 

4  4 

3 

15 

1 

0  12 

17  1  10 

10 

5  6 

3 

29 

0 

7  29 

19  2  15 

29 

2  2 

2 

64 

1 

0  17 

14  1  16 

30 

0  0 

4 

98 

2 

5  0 

20  5  8 

(7.)  Po. 

35 

4  2 

in. 
11 

(8.) 

Mi. 
56 

7 

po.  yds. 
19   4 

(9.) 

Fur.  po.  yds. 
28  3  2 

12 

2  1 

8 

13 

3 

36  5 

29  5  3 

16 

5  2 

0 

81 

0 

10  2 

20  7  0 

24 

0  1 

9 

91 

6 

25  0 

13  5  4 

38 

3  2 

10 

70 

4 

13  3 

22  7  0 

0 

0  1 

6 

60 

0 

38  2 

20  1  2 

(10.)  From  A  to  B  is  3  mil.  2  fur.  7  p.;  from  B  to  C  17  mil. 
13  p.;  from  C  to  D  7  fur.  10  p.  5  yds.;  and  from  D  to  E  5  mil. 
33  p.  1  yd.  7  in.     What  is  the  distance  from  A  to  E  ? 


CIiOTB  MEASURES. 


2^  Inches 


Nails 

Quarters 

Quarters 

Quarters 

Quarters 

Inches, 


make  1  Nail  nl. 

1  Quarter  of  a  Yard  qr. 

1  Flemish  Ell*  /. 

1  Yard  tjd. 

1  English  Ell  en. 

1  French  Ell*  fr. 


01=  \ 

-4 —     J 


Nail. 
9  =  4=1  Quarter. 
36   =16=4=1  Yard. 
27  =12=3  =  1  Flem.  Ell. 
45  =20=5=1  Eng.  Ell. 
54  =24=6=1  French  Ell. 


It  may  also  be  observed,  in  addition  to  the  measures  given  above,  that 
a  Hand,  which  is  used  in  estimating  the  Ijeight  of  horses,  is  4  inches. 

*  Flemish  and  French  ells  are  now  seldom  used,  nor  is  the  English  ell, 
except  nominally  in  measures  of  width. 
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EXAMI'LES. 


(I.)  FI.e.    fjrf.    nl.    ill.      (2.)  Yd$.  qr*.  nl.  in.      {'^.)  Eh.  f.    tjrt.    nl.   in. 

'20  3  1  I 

3S  'JO  1 

2S  2  0  'J 

kl  1  .3  1 

(i3  0  'J  0 

S  'J  1  2 


65 

1 

3 

1 

'26 

<; 

2 

24. 

0 

0 

.S2 

2 

1 

33 

0 

0 

/ 

1 

2 

1 

97 

2 

2 

I 

58 

1 

3 

2 

20 

4 

2 

1 

9 

3 

0 

2 

0 

i 

3 

1 

0 

2 

2 

2 

210     0     3     ^  205     0     2      !  ISS     0     0     0 


(4.)  /v.  r.    (^r».    nl,  (5.)   If/«.    »/r».    «/.     in.  (6.)  Kn.e.   qrs.    nl. 


Fr.f. 

qrs. 

n/. 

126 

4- 

2 

233 

5 

3 

87 

1 

2 

32 

3 

1 

25 

2 
0 

0 

H5 

2 

3 

1 

92 

3 

2 

2 

86 

1 

1 

0 

/ 

0 

2 

1 

0 

3 

1 

2 

0 

0 

2 

1 

950 

3 

3 

837 

t 

2 

i)0'3 

2 

1 

250 

1 

0 

501 

0 

3 

69 

3 

2 

(7.)  A  niorcliant  !)nupht  four  parcels  of  cloth  ;  the  first 
coiitaiiud  KK)  Kiii;li.sli  ells,  1  tjr.  3  ills. ;  the  second  976  Eng. 
ells,  3  (|rs. ;  tht  tliinl  765  Kiig.  ells,  2  qrs.  1  nl. ;  the  fourth  4-3 
Eng.  ells,  2(jrs.   I  low  many  ells,  ic.  wen-  there  in  the  whole? 

SQUARZ:   MEB^UKE,   OR  IVXEASmiES   OF   STrRrACS.* 

iti     S(|uari'  Inches  iiiakf  1  S.|uar<    l\,ol    ft. 

9    S<|uare  Teet  1  Square  Yard     i/<l. 

30|  Square  Yards  1  Square  Pole      f>o. 

40     Square  Poles  I  Kood  rd. 

!•     Roods,  or  IS  10  S(|uare  Yards 1  .Vcre  ac. 

640    S(juare  Acres  1  Sijuare  Mile     mi. 

Also  100  s<|uare  feet,  among  carpenters  and  other  work- 
men, make  a  S(|uare  of  flooring,  roofing,  ^c. 

I^nd  Is  usually  nu'iLsund  liy  a  chain,  called,  after  its  inventor, 
Cjistek's  r/i<«i«  ;  which  i>  -I  jjoIcs,  or  'J'2  yard<,  or  fifJ  feet  lonj;,  .ind  con- 
Msts  of  lOi  linLs  each  of  which  is  7*'>'i  inches.  .\lso  lO  Mjunre  chains, 
thnt  is  lO  chaint  in  li'ngth  iinil  one  in  hn-ndth,  or  a  little  kts  than  70 
vards  in  length  and  70  in  bnadth,  innke  an  acre. 
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Inches. 

14'4=:         1  Foot. 
1296=         9  =       1  Yard. 
39204=     272J-=     30^=     1  Pole. 
1568160=10890  =1210  =  40=1  Rood. 
6272640=43560  =4840  =160=4=1  Acre. 
By  this   measure,   land,   and  all  husbandmen's  and  gar- 
deners' work  are  measured  ;  also  all  kinds  of  artificers'  work, 
as  boards,  glass,  pavements,  plastering,  wainscotting,  tiling, 
flooring,  and  all  dimensions  of  length  and  breadth  only. 


EXAMPLES. 

(1.)  Rd.po.yds. 

ft- 

(2.)  Acr. 

rd.  po. 

(3.) 

Acr. 

rd.  po. 

3  38  26 

7 

382 

1  34 

721 

2  15 

2  15  13 

5 

618 

3  14 

94 

3  32 

1  2  6 

2 

100 

1  27 

36 

2  29 

0  1  9 

4 

74 

2  19 

59 

3  28 

2  0  0 

3 

63 

1  31 

265 

0  17 

3  20  30 

8 

55 

3  38 

27 

0  30 

12  38  26^ 

2 

1295 

3  3 

1205 

1  31 

)  Rd.po.  yds. 

.ft- 

(5.)  Acr. 

rd.  po. 

(6.)  Acr. 

rd.  po. 

2  1  28 

6 

409 

1  36 

4061 

0  24 

3  30  10 

7 

81 

3  20 

2731 

2  3 

1  38  30 

3 

94 

2  10 

841 

3  19 

0  18  0 

2 

8 

0  17 

96 

2  39 

1  0  12 

0 

0 

3  39 

85 

0  10 

1  20  13 

3 

0 

3  25 

40 

1  0 

. 

(7.)  A  surveyor,  having  measured  four  pieces  of  land,  found 
one  to  contain  7  acres,  3  roods,  24  poles;  another,  18  acres, 
1  rood,  16  poles ;  the  third,  20  acres,  5  poles,  8  yards ;  and 
the  fourth,  15  acres,  24  yards,  7  feet.  How  many  acres,  &c. 
were  surveyed  ? 

MEASURES  OF  SOXXSIT7  AITB  CAPACITir. 

CUBIC    OR    SOLID    MEASURE. 

1728  Cubic  Inches     make  1  Cubic  Foot. 
27  Cubic  Feet         1  Cubic  Yard. 
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•to  Feet  of  rough  tiinlMT  |  i     i  t      j        t- 

'     J.        r  1  II  make  1  Load  or  Ton. 

50  reetot  hewn  or  Mjuari'd  do.  ) 

•t'i  Cubic  Feet  I  Ton  of  .shijipiug. 

By  tlii:!  iiu-asure,  stone,  timber,  ami  all  works  that  have 

Ii-ngth,  breadth  and  thickness,  are  measured. 

EXAMPLES. 
(2.)   r</.     ft.       in. 

'21-7  19  120 
495  18  560 
140  22  ()0 
790  16  108 
401  7  25 


(1.)  }'./.  0. 

1". 

'21   19 

72 

23  21 

5 

40  9 

18 

26  20 

90 

108  26 

4 

(3.)  y,i.  ft. 

in. 

49  17 

12 

39  16 

7 

84  19 

27 

46  13 

12 

51  20 

JS 

227  14  189       2076  1  873       272  4  106 


(l.)  J</.  Jt.  Id.         (5.)  yj.     ft.     in.                     (6.)  yd.  ft.  in. 

729  13  107  706  22  19  56  13  9 

9at  17  24  437  16  8  49  19  19 

381  12  11  539  18  29  57  17  18 

209  18  17  406  17  20  28  18  13 

195  20  21  407  17  38  5(^  10  10 

20<i  17  10  591  17  91  15)  19  9 


"WIWE   MEASUKIS.  * 


Imp.  Golf. 


4  (Jills  make  1   Pint  />f. 

2  Pints  1  Quart  (/t 

4  Quarts  1  (Jallon  (/aL         .... 

42  (iailuiis  1  Tieree  //cr.  =  35  nearly. 

84  (ial.-«.  or  2  Tierces* 1  Puncheon  pun. =.10    do. 

63(;allo!is  1  Hogshead  lihil,  -  5'1\  iXo. 

126  (ials.  or  2  hhds.  1  PipV  or  Hutt  pi.    =10.i  do. 

2.52  Gals,  or  2  Pipes  1  Tun  ttu   =210  do.  ^ 

*  Bvsiiic*)  tliew  mcasiim  thvre  nrc  some  others,  as  an  anker,  chiefly 
UM-vl  fur  braiuly,  whicli  contains  from  9  to  lO  gallons  ;  and  a  riindlot,  that 
liolcis  from  IS  to  'JO  gallons. 

It  may  be  ohservcd,  from  the  merchants'  wine  measures  that  a  \K\t«  of 
(I'llVerent  sorts  of  wine  lioos  not  always  consist  of  the  same  i|uantity. 
Tlius  n  pipe  of  Port  i«  I  IJj  gallons  a  pipe  or  rnther  a  butt  of  Uicrry  is  100 
)*allotus  a  pipe  of  .Madeira  or  Cape  is  <>'.'  gallons. 

c  6 


36  compound  addition. 

The  Wine  Merchants'  Measures  are  as  follows  ; 
but  it  is  the  practice  to  gauge  all  such  vessels,  and  charge 
thenij  as  well  as  the  dutj',  according  to  their  actual  contents. 
115  Gallons  make  1  Pipe  of  Port. 

108  Gallons  1  Butt  of  Sherry. 

117  Gallons  1  Pipe  of  Lisbon. 

105  Gallons  1  Pipe  of  Malaga. 

100  Gallons 1  Pipe  of  TenerifFe  or  Vidonia. 

92  Gallons  1  Pipe  of  Madeira. 

92  Gallons  1  Pipe  of  Cape. 

46  Gallons  1  Hhd.  of  Claret. 

30  Gallons  1  Aum  of  Hock. 

Pints. 

2=  1  Quart. 

8=  4=     1  Gallon. 

336=  168=  42=1   Tierce. 

504=  252=  63  =  l-ir=l  Hogshead. 

672=  336=  84  =  2'  =  U=1   Puncheon. 

1008=  504=126=3  =2''=1^,  =  1  Pipe. 
2016  =  1008=252=6  =4  =S'=2=lTun  =  18ctvt.Avo'ird. 

By  this  measure  all  kinds  of  spirits,  as  well  as  cider,  mead,  vinegar, 
oil,  honey,  &c.  are  measured. 

Note. — The  imperial  gallon,  with  its  divisions,  is  the  only  legal  standard 
measure  of  capacity  for  wine,  ale,  beer,  spirits,  and  all  sorts  of  liquids,  as 
well  as  all  dri/  goods. 

According  to  the  Act,  the  imperial  standard  gallon  contains  10  lbs. 
avoirdupois  of  distilled  water,  and  its  cubic  content  equals  277  "274,  or 
nearly  277^  cubic  inches.  The  old  wine  gallon,  which  is  now  abolished, 
contained  231  cubic  inches,  and  the  old  ale  or  beer  gallon  282  cubic 
inches.  Therefore,  5  gallons  by  the  new  or  imperial  measure  are  nearly 
equal  to  6  gallons  of  the  old  wine  measure. 


EXAMPLES 

. 

(1.)  Pi. 

hhd.  qal. 

qt. 

(2)  Hhd.  qal 

qt. 

pt. 

(3.)  Hhd.  qal. 

qt. 

1 

1  27 

3 

64  22 

2 

27  14 

2 

0 

1  60 

1 

21  17 

3 

47  13 

1 

1 

0  34 

0 

73  61 

2 

25  17 

0 

0 

1  37 

2 

63  45 

1 

16  13 

3 

1 

1  52 

1 

40  20 

3 

17  7 

2 

1 

0  48 

0 

27  16 

2 

0 

18  5 

I 

1 

0  42 

2 

94  50 

3 

1 

27  0 

0 

9 

0  50 

1 

385  46 

3 

0 

178  8 

1 
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Tun. 

/"'• 

hhd.  gal. 

(5.)  Tun.  I 

PMH.I 

tier.  gal. 

(>;.)  Ilhil.gal. 

9' 

h:i 

1 

1  62 

61 

2 

1    K) 

tM   16 

3 

H'J 

0 

0  12 

53 

1 

0  39 

59  17 

1 

80 

1   to 

48 

2 

1    13 

28  U 

0 

i\\ 

0  20 

32 

0 

0  10 

50  50 

3 

53 

1  o5 

25 

1 

1     9 

46  19 

0 

Yl 

0     0 

17 

2 

0   U 

23     2 

2 

9 

0 

1    10 

8 

1 

1     0 

14     1 

1 

"uH.  pun.  tier.  qal. 

(8.) 

Hhd.  gal. 

qt. 

p/. 

(9) 

Gal.    qt.     pt. 

56     2     0  41 

53    12 

2 

1 

49     3     1 

32     1      1    16 

91  61 

3 

1 

57     0    0 

48     2     1    10 

81     0 

2 

1 

69     2     1 

25     0     0  38 

90  15 

0 

0 

43     1     1 

10     2     1    19 

8     6 

2 

1 

57     0     1 

8     0     10 

0  57 

1 

0 

41     0    0 

0     2     0  40 

0     0 

3 

1 

37     1     0 

AXE  AXri>   SEEK  MEASURE. 

2  Pints  make  1  Quart  (/(. 

4  Quarts  1  (Gallon  i/al. 

8  Gallons  1  I'irkin  of  Ale  ti.Jir. 

9  Gallons  1  Firkin  of  Hter  b.  fir. 

18  (Jals.  or  2  Firkins  1  Kiitlerkin  /.//. 

36  Gals,  or  2  KiUlerkins  1  liarrcl  bttr. 

54  Gals,  or  \\  Barrels  1  Hotxshead  hlxl. 

72  (Jals.  or  2  Harrels  1  Puncheon  pun. 

lOS  (;als.  or  2  Hogsheads  1  Hutt  Inill. 

2  Hutts  or  4  Hogsheads 1  Tun.  /////. 

Pints. 

2=      1  Quart. 
8=     4=      1  Gallon. 
72=  36=     9=    1  Firkin. 
144=  72=    1S=  2=1  Kilderkin. 
2SS=14l-=  3f>=  4=2=1  harr.l. 
432=216=  51-=  6=3=n  =  l  Hogshead. 
576=288=  72=  8=4=2*  =  n  =  l  Punch. 
864=432=108=12=6=3  =2*  =  n.=  l  Butt. 
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In  London,  they  reckon  only  8  gallons  for  the  firkin  of 
ale,  and  32  for  the  barrel ;  but  in  all  other  parts  of  England, 
for  ale,  and  beer,  9  gallons  make  a  firkin,  and  36  gallons  a 
barrel. 

Note.  The  old  ale  gallon  contained  282  cubic  inches  ;  but 
the  Imperial  standard  gallon  contains  only  277*274?  cubic 
inches,  the  same  as  lor  wine. 


(3.)  Hhds.fir.  gal.   qt. 

45     2     7     3 


EXAMPLES, 

3ut.  lihd.  bar.  kil. 

(2.)  Fir.    gal. 

qt. 

56  1  1  1 

47  6 

2 

19  0  1  1 

39  3 

1 

30  1  0  1 

37  4 

0 

47  1  1  0 

29  5 

2 

25  1  1  1 

13  1 

1 

15  1   1  1 

10  0 

0 

36 

3 

6 

2 

95 

1 

5 

1 

86 

1 

4 

3 

17 

3 

4 

0 

10 

0 

2 

3 

196     1      1      1  177     2     2  293     1     4     0 


(4.)  Biit.hhd.gal. 
1   1  27 

qt. 

3 

(5.) 

Hhds.yal. 

39  27 

qt. 

3 

(G.)Hhds.qal. 

90  50 

qt. 

2 

pt. 
1 

0  1  51 

2 

48  17 

0 

19  35 

3 

0 

1  0  39 

1 

82  10 

1 

78  16 

1 

1 

1  1  12 

0 

17  11 

0 

16  3 

0 

1 

0  1  9 

3 

10  10 

1 

9  52 

3 

0 

1  0.28 

3 

16  0 

2 

8  13 

2 

1 

(7.)  Fir.  gal.  qt. 
7  6  3 

pt. 

1 

(8.) 

Kil.  qal. 

39"l5 

qt. 

3 

(9-) 

Kil.  gal. 

2  17 

qt. 

3 

pf. 
1 

5  7  2 

0 

26  17 

2 

1  16 

2 

0 

2  3  1 

1 

37  10 

1 

0  10 

1 

1 

6  2  3 

1 

49  11 

2 

1  8 

0 

1 

5  5  ] 

0 

50  9 

0 

2  6 

3 

1 

(10.)  A  brewer  sent  to  an  innkeeper,  at  one  time,  5  hogs- 
heads, 1  barrel,  20  gallons  of  beer ;  at  another,  9  kilderkins, 
1  firkin ;  and  at  another,  1  tun,  3  hogsheads,  50  gallons ; 
how  many  tuns,  hogsheads,  &c.  did  he  send  in  all  ? 

Obs.  Herrings  are  measured  by  the  barrel  of  2G|  gallons,  or  by  the 
cran  of  STj  gallons. 
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DRY  MEAsmii:. 


2  Pints  (j)t.)                  niak. 
2  Quart-H  

1  (Quarts,  or  2  Pottles  

2  (Jalloiis  

4  Pfok."«,  or  8  Gallons   

4  Hushels  

8  Huslicis,  or  2  Coonis 

5  Quarters  

10  Quartei-s,  or  2  Wevs 


I  Quart 

'/'■ 

1  Pottle 

put. 

I  (iailon 

1/(1 1. 

1  Pick 

jH-h. 

1  Husiiol 

hu. 

1  C'ooni,  or 

Sack 

nx/in. 

1  Quarter 

ryr. 

1  Wev  or  I 

.oad 

tlTt/. 

1  Last 

last. 

Xote.  For  the  late  coal  measure  3  hushels,  heaped  up, 
uuide  a  sack,  and  12  sacks,  or  36  bushels,  a  chaldron  ;  but, 
i)y  the  present  regulations,  coals  are  sold  by  the  hundrcd- 
wtiight,  or  by  the  ton,  and  not  by  measure.  A  sack  of  coals 
is  commonly  reckoned  to  weigh  2  cut. 

Pints. 

H=      1  Gallon. 
16=     2=     1  Peck. 
64=     8=     4=   1  Bushel. 
2;)6=   32-    16=  4=    1  Coom. 
512=  64=  32=  8=  2=   1  Quarter. 
2560=320=160=40=10=  5  =  1  Wev. 
5120=640  =  320=80=20=  10  =  2=  1  Lxst. 


Hy  this  measure  corn,  seeds,  roots,  salt,  charcoal,  oysters, 
i<cc.,  and  .ill  dry  goods,  are  measured.        v 

'llie  imperial  bushel  rontains  SO  lb.  by  weight  of  distilled 
water,  and  its  content  t(|uals  22lSlJ>2  cubic  inches,  being 
«'ight  times  that  of  a  gallon.  The  iinjurial  htiiped  huslul  con- 
tains 2M.Vl.SS7  e\ibic  inches,  the  cone  being  I*)',  inches  dia- 
m(>ter,  and  height  f)  inches;  but  hea|)ed  mea>ure  was  abolished 
by  an  act  of  parliament  passed  .August  13th,  1S34.  Sot' 
4  i-v:  5  Will.  4.  c.  4J>.  s.  4.  The  late  Winchester  bushel, 
formerly  used  for  dry  measure,  was  18^  in.  wide,  aiiU  8  iu. 
deep;  its  content.'*  were  2150*42  cubic  inches. 

32  Winchester  bushels  nearly  make  31  imperial  bushels. 
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EXAMPLES. 


(l.)Lst 
27 

.  wet/   qr. 

0     3 

coom. 
1 

(2.)  Bush,  pck, 
27      3 

.  fftU. 

0 

(3.) 

Qr. 
19 

hush. pck.  gal. 
4     2     1 

36 

1     4 

1 

14     0 

1 

12 

7     3     1 

91 

1     2 

0 

17     2 

1 

11 

5     2     1 

95 

0     4 

1 

48     1 

0 

98 

4     1     0 

86 

1     3 

I 

19     0 

1 

25 

3     2     1 

71 

1     0 

1 

20     0 

0 

8 

2     1     1 

40 

1     2 

1 

29     1 

1 

0 

6     0     1 

450 

1     1 

0 

178     1 

0 

177 

2     2     0 

(4.)  jr. 
93 

qr.  hush. 

4     7 

pck. 

3 

(5.)  Pck.  gal.  pot. 

49     1     1 

(6.) 

Qr.  hush.  pck.  gal. 

80     6     3     1 

91 

1     7 

2 

59     0 

1 

89 

5     2     0 

73 

3     2 

1 

60     1 

0 

46 

4     1     1 

59 

2     3 

1 

56     0 

1 

37 

7     3     1 

27 

0     0 

0 

55     1 

1 

18 

3     2     1 

0 

4     6 

3 

17     0 

1 

0 

4     3     0 

2 

3     2 

1 

12     1 

0 

7 

2     1     1 

(7.)Lst. 

99 

1     4 

coom. 
1 

(8.)   Qr.  bush. 

60     3 

pck. 

2 

(9.) 

Lst. 
72 

qr.  bush.  pck. 

6     7     2 

65 

1     3 

1 

37     0 

3 

37 

9     6     3 

49 

0     2 

0 

56    7 

2 

68 

4     2     1 

83 

1     2 

1 

50     6 

0 

38 

3     0     2 

16 

0     0 

0 

23     4 

0 

17 

7     5     3 

(10.)  A  corn  merchant  exported  18  lasts,  2  qr.  5  bu.  of^ 
wheat ;  29  lasts,  6  qr.  7  bu.  of  rye ;  15  lasts,  9  qr.  3  bu.  of 
beans  ;  and  46  lasts,  6  bu.  of  oats.     How  many  lasts,   &c. 
were  exported  in  the  whole  ? 


lOSASUKJSS   OF  TXMi:. 

:.)             niaki'  1  Minute 
1  Hour 
1  Day 
1  Week 
1   Month 

HI.  or  niiiu 

hr. 

d. 

u\ 

tno. 
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60  Seconds  (.vfc.) 
GO  Minutes 
2\  Hours 
7  Davs 
4  Weeks 
12  Calendar  Months,  or  1 

IJC'oninion  Months,  -  1  Year  yr. 

or  52  Weeks  ) 


Seconds. 

(}()=  1  Minute. 

36(K)=  m=        1  Hour. 

S(}KX)=  141-0=     24=     1  Day. 

60kS0()=  1(X)S0=    168=     7   =  1  Week. 

241^*200=  40320=  672=   2H   =  4=1  Month. 
315.37600=52oyfiO=S766  =  36.jl=  1  Year. 

The  tropical  or  solar  year  is  usually  reckoned  at  36.5^  days; 
but  its  accurate  length,  as  determined  by  astronomical  ob- 
servation, is  365  d.  5  h.  48  niin.  48  sec*     . 


•  The  civil  year  consists  of  365  days  for  3  years  together,  and  of  3G6 
days  every  fourth,  or  leap  year  ;  except  when  the  number  that  denotes  a 
complete  century,  as  the  17th,  IRth,  l!ttli,  and  '.'Ist,  is  not  divUible  by  4, 
in  which  case  it  must  be  reckonetl  as  a  common  year. 

Hence,  if  the  date  of  any  year,  for  the  whole  of  the  present  century. 
l>e  exactly  divisible  by  4,  it  is  leap  year;  and  if  it  be  not  divisible  liy  4, 
the  remainder  shows  how  many  years  have  pa*sc<l  since  the  last  leap  rear. 

It  may  here,  also,  be  olwerveil  that  the  length  of  each  «)f  the  I*.' 
calendar  months  may  be  easily  recollected  by  means  of  the  following 
verse  : 

Thirty  days  hath  SeptemlH-r,  April,  June,  and  Novemlier, 
And  all  the  rest  have  thirty-one,  excepting  February  alone, 

which  last  month  has  twenty-eight  days  in  common  years,  and  twenty- 
nine  when  it  is  leap  year.  .So  that  January  has  31  days  February  28, 
March  31,  April  ;iO,  May  .Tl,  Jime  :U),  July  31,  August  31,  Sep- 
tember 30,  Octol>er  31,  November  30,  December  31. 
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EXAMPLES. 

(10  Fr. 

mo. 

w. 

d. 

(2.)-ffr. 

min. 

sec. 

(3.) 

Mo. 

w. 

(f. 

76 

8 

3 

6 

20 

37 

40 

19 

2 

6 

57 

11 

2 

3 

17 

20 

35 

6 

1 

4 

3i 

9 

3 

5 

21 

16 

34 

22 

3 

5 

51 

6 

1 

2 

16 

27 

46 

^ 
/ 

2 

3 

35 

10 

2 

4 

22 

19 

52 

2 

1 

6 

56 

9 

3 

3 

19 

22 

16 

17 

3 

2 

20 

6 

1 

2 

21 

31 

37 

11 

3 

4 

339     11     2     4  138     56     20  88     3     2 


(4.)  2). 

A.   TO.  sec. 

(5.) 

Hr. 

m. 

sec. 

(6.) 

M. 

If. 

rf. 

24 

14  48  20 

29 

51 

52 

10 

2 

4 

Q5 

5  48  55 

27 

18 

16 

3 

1 

5 

87 

23  15  39 

39 

19 

10 

11 

3 

6 

86 

23  30  0 

27 

17 

17 

2 

3 

3 

79 

7  48  0 

18 

19 

20 

7 

2 

2 

15 

22  41  14 

13 

13 

9 

2 

0 

5 

4 

12  25  21 

21 

23 

29 

5 

2 

3 

(7.)M 

tp. 

d. 

h. 

(8.) 

27. 

h. 

min. 

(9.)  IF. 

rf.  A. 

47 

2 

3 

20 

11 

11 

9 

10 

6  16 

89 

3 

1 

19 

31 

13 

17 

8 

5  15 

12 

2 

5 

18 

50 

14 

13 

7 

0  13 

27 

3 

6 

12 

29 

17 

14 

6 

1  18 

19 

1 

4 

3 

56 

16 

10 

3 

2  17 

3 

0 

0 

1 

27 

18 

51 

2 

1  21 

6 

1 

1 

7 

0 

11 

10 

3 

3  20 

5 

0 

0 

12 

13 

16 

9 

0 

6  12 
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FOREXCN   MBiVSURES   OF   X.XN'CTH. 

Tlu-  Paris  Toot I  (Hi.'jTfK) 

HhinluiuJ  Foot I -(KiO  "I  English 

Uhinlaiid  Rood,  I'J  Hlunland  lY'L't I'J-.'ifX;  J     Feet. 

Yards. 
One  French  Metre=3f»fi71  Eng.  Inches  =    li^JSG  English 
One  French  Toise,  «)r  6  Paris  Feet  =  6.39'l-.5 

English  Fet>t  '2-1315 

One  French  League,  22S2  Toise^,  25  to  a 

Degree 4859*89 

Hiahaiit  League,  'JS(X)  Toisrs 59fi8 

Italian  Mile,  60  to  a  Degree 20'_'9 

German  Mile,  15  to  a  Degree 8116 

Also.  I'roni  the  mea-surenu'Dts  carried  on  through  France 
and  a  part  of  8pai|i,  the  French  niatheniatieians  make  \  of 
the  whole  tern'strial  meridian  51307 iO  toises  in  length;  and 
the  ten  millionth  part  of  this,  i»r  •51307i  toise  is  the  metre, 
or  standard  for  measures  of  length  now  adopted  in  that  coun- 
try, the  length  of  which  is  3-2808992  English  feet. 

Compounti  ^ubtrartion. 

Compound  Subtraction  is  the  method  of  finding  the 
difference  between  any  two  numbers  consisting  of  several 
denominations. 

KLLE.* 

1.  Place  the  less  number  under  t|je  greater,  so  that  the 
|)art.s  uhieh  are  of  the  same  denomination  may  staiid  directly 
under  each  other,  and  draw  a  line  below  them. 

2.  Begin  at  the  right-hand,  and  take  each  nundxT  in  the 
lower  line,  when  it  can  be  done,  from  that  abore  it,  and  s«'t 
the  remainder  under  it. 

3.  Hut  if  any  of  these  numbers  b*-  greater  than  thost?  above 
them,  add  a.s  many  to  the  upper  number  as  will  make  one  of 
the  ne\t  higher  denomination,  and  then  subtract  the  lower 
number  from  it,  setting  down  the  remainder  as  before. 

*  The  reason  of  thil  rule  will  rvadily  appear  from  what  has  been  nid 
in  ntnplc  suhtraction;  for  Uic  borrowing  depend.*  upt>n  the  «anie  prin- 
ciple, Aiui  tlirtiTs  tViim  It  only,  as  tlic  numbers  to  \tc  ^ubtracteil  arc  of 
liitriTi-iit  ^ienomination*. 
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4.  Carry  the  unit  borrowed  to  the  next  number  in  the 
lower  line,  which  subtract  from  that  above  it,  in  the  same 
manner  as  the  last ;  and  so  on,  till  the  whole  is  finished  ;  then 
the  several  remainders,  taken  together,  will  be  the  difference 
required. 

The  method  of  proof  is  bj"^  adding  the  remainder  to  the  less 
number,  as  in  simple  subtraction ;  then,  if  the  sum  is  equal 
to  the  greater,  the  work  is  right. 

EXAMPLES    OF    MONEY. 


(l.)7.     s.     d. 

(2.)  /.      s.      d. 

(3.)  I.     s.     d. 

3m       9     8     6i 

From        16     12     8| 

From       21    13     4% 

ke        4     3     44 

Take        10    11      64 

Take        18     9     81 

Rem.       5 

5 

21 

Rem.          6 

1 

2i 

Rem.         3 

3 

8i 

(4.)  I 
From     136 
Take       95 

s. 
12 
15 

d. 
3 
2 

(5.)  I. 
From       386 
Take        1 97 

s. 

2 

8 

d. 

7 
7 

(6.)  I. 
From     860 
Take        99 

s. 
0 

12 

d. 

n 

8^ 

Rem.       40 

17 

1 

Rem.       188 

14 

0 

Rem.      760 
Proof     860 

7 
0 

lOf 

Proof     136 

12 

3 

Proof       386 

2 

7 

71 
'1 

(7.)/. 
From       45 
Take        1 3 

s. 

16 

8 

d. 

51 

(8.)  /. 
From          8 
Take           5 

s. 
12 
16 

d. 

91 

(9.)  I. 
From     453 
Take      1 65 

s. 

6 
12 

d. 

103 

(10.)  From  15/.  7s.  lOd.  take  6/.  4^.  5d. 

(11.)  From  284/.  9s.  Sd.  take  192/.  19*.  Sd. 

(12.)  From  474/.  05.  6\d.  take  72/.  17s.  7^d. 

(13.)  From  1097/.  14s.  7 id.  take  596/.  12s.  9M. 

(14.)  A  tradesman  had  owing  to  him  849/.  6s.  8J(/.,  and 
received  at  one  time  561.  2s.  6d.,  at  another  32/.  17s.  5^d.,  at 
a  third  101/.  6s.  2d.     What  remains  due  to  him  ? 

Ans.  6591.  Os.  7^d. 
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TKOT  'WrZOBT. 

(  1 . )  lb.      or.  ilul.  yr.  ( '2. )   lb.      oz.  du-t.   gr. 

From      37     3   It  11  From  218     9  10     8 

Take       11-     '2   10     9  Take     59   10  15  20 


K.iii.      2:5     1     i     2  158  10  14-  12 


(3.)       lb.        oz.  diet.  gr.  (4.)  lb.      oz.  diet.  tjr. 

From  373  0  0  0  From  508  7  17  21 

Take  2+8  10  18  21  Take  43G  2  13  9 


(5.)       lb.       oz.dict.gr.  (6.)  lb.     oz.dwt.gr. 

From    151     6     0     8  From  986     0  16     0 

Take     116     8  12  15  Take  719     6     9  18 


(7.)  Imoiu  637  lb.  9  oz.  8  gr.  take  2S8  lb.  1  oz.  9  d«  t.  20  gr. 
(S.)  From  89 17  lb.  take  5398  lb.  6  oz.  18  dwt.  12gr. 


AVOIKSUPOZS   'WEIGHT. 


From 
Take 

T.  net.  qr.     lb. 
7    1+       1       3 
2      fJ      3      i 

ox. 
6 

11 

(2.)   Cwt. 
From     4 
Take     2 

qr.  lb.    oz.     dr. 

2  12  10     8 

3  16   15     3 

Rem. 

5     7     1   26 

11 

Hem.     1 

2  23   1 1     5 

(3.)    T.    cwt.     qr.  lb.    oz.  (4.)    Cwt.  qr.  lb.     oz.    dr. 

From  21    It     2  20  13  From     7     1    13     3     8 

Take    16  12     1  2t   It  Take      t     3  19     6  10 
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(5.) 

From 
Take 

T.     Cwt.   qr.     lb,     oz. 

15     1     1     0     9 
12     0     2  23  12 

(6.)    Cwt.    qr.  lb. 
From  84     1   19 
Take  57     0  21 

oz.  dr. 

2     0 
9  11 

(7.)  Bought  2  ton,  5  cwt.  1  qr.  7  lb.  of  sugar ;  and  sold 
1  ton,  19  cwt.  20  lb.     What  remains  ? 


APOTHECARIES  "WEXGHT.' 


(1.) 

lb. 

oz. 

dr. 

sc. 

.9'-. 

From 

24 

8 

7 

2 

18 

Take 

17 

"^ 

6 

1 

13 

Rem. 

7 

1 

1 

1 

5 

(2.)    Z&.    oz.   dr.  "sc.  gr. 

From     8     4     7     0  14- 
Take     0     8     7     2  19 


Rem. 


/ 


7     0  15 


(3,)       Tb.      oz.    dr.   sc.   gr. 

From     20    5     6     2  10 
Take     13     9     7     1   14 


(4. )  lb.     oz.   dr.    sc.   or. 

From     8     9     6     2  18 

Take     6     6     5     1   12 


(5.)        lb.   oz.     dr.    sc.  gr. 

From       8     3     2     17 
Take        0  10     7     0  15 


(6. )  lb.    oz.    dr.     sc.  gr. 

From     7     0     0     0     0 
Take     2     8     3     2  13 


VUrOOl,  WEIGHT. 


(1.)    La.  sa.  wy.    td.    si. 

From  218  7  1     5     1 

Take     79  10  1     6     1 

Rem.    138  8  15+0 


(2.)    Sa.    wy.    td.    st. 

From  37     1     3     0 
Take    18     1     5     1 

Rem.  18     1     3+1 
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(3.)     /-a.    M.     u-v.   tfi.    St. 

From     28     9     l"    i     1 
Take     Ifi  11      1     <;     1 


(4.)  WV.  rr/.  tt.  el.  Ih. 
From  iis  410  5 
Take  63     .I     1      I     H 


(5.)  MV.  ^dL  */.  cl.  Ih. 
From  63  0  0  0  0 
Take     40     .>     1      1     .'> 


(6.)    5a.     iry.    td.     tt. 

From     65     1     6     1 
Takf      IS     1      3     0 


I.ONC  MSASURB. 


( 1 . )     //«l.     mi.  yWr.  po.     y. 

From     20     2     7  38     + 
Takf      10     I      »;     9     3 


Rem.     10     1      1  29     1 


(3. )      Mi.  fur.   po.    yd.    ft. 

From   100     2     6     4-  '  2 
Take      19     6  30     3     2 


(2.)   Po.  vd.  ft.  in.    ba. 

From  37  3     2  10     1 

Take  20  2    2  11     2 

Rem.   17  0    2  10    2 


(4.)    A/i.    /«r.  po.   yd.    /J. 

From  87     0  H>     2     1 
Take     9     6  31      i     1 


(5.)     /-«a.     mi.  fur.  po.    yd. 

From   160     1     3  20     2 
Take     81     2     6  28     3 


(C.)   Mi.    fmr.po.     yti.      ft.   m. 

From  70     7   13     1      1     2 
Take  20    0  It     2     2    8 


(7.)  From  50  lea.  2  m.  1  fur.  take  19  lea.  is  pis.  i  yds. 
(8.)  From  72  m.  4-  fur.  take  12  m.  6  fur.  3  yds.  2  ftl 
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CliOTB  MEASURE. 

(1.)     Yds.    qr.   na.    in.  (2.)  E.e.     qr.    na.   in. 

From  65  1  3  1  From  27  2  1  2 

Take  13  2  1  2  Take  13  3  2  1 


Rem.  51  3  1  li  Rem.  13  3  3  1 


(3.)  E.e.    qr.    na.   in.  ("4.)  Fr.  e.   qr.    na.  in. 

From  27  2  3  1  From  37  0  1  2 

Take  14  3  2  2  Take  29  3  3  1 


(5.) 

From 
Take 

Fl.e.   qr.    na.    in. 

39     1     0     1 
19     1     2     2 

(6.)  E.e.    qr.   na.    in. 

From  48  2  1  1 
Take  30  4  2  2 


7.)  From  156  Eng.  ells  take  30  Eng.  ells,  1  qr.  1  nl. 
8.)  From  908  Fr.  ells  take  170  Fr.  ells,  4  qrs.  3  nls. 
(9.)  From  856  yds.  take  200  yds.  2  qrs.  1  nl.  1  in. 


SQUARE  AIEASURE. 

(1.)     Ac.      rd.pl.  yd.    ft.                               (2.)  Ac.  rd.  pi     yd.  ft. 

From  29  3  26  16  5         From  47  2  10  10  7 

Take  12  2  18  -20  6         Take  23  3  20  4  3 


Rem.  17  1  7  251  8         Rem.  23  2  30  6  4 


(S.)  Ac.      rd.  pi.  yd.     ft.  {A.)  Ac.      rd.pl.     yd.    ft. 

From  69  2  13  13  7         From  90  3  19  13  7 
Take  30  3  28  30  4         Take  63  3  38  10  3 
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(5.)      Ac.     rd.   ,J.   yd.     ft. 

From     83     0  :}()  2S      1 
Tciki-     26     3  .SG  27     2 


(6.)     Ac.     rd.     pi.    yd.  ft. 

From     76     0     0     0     3 
Takt>      3S     2  30     3     K 


(7.)  From  7S()  ac.  2  nls.  takt-  3f>r)  ac.  3  rds.  15  pis. 
(S.)  From  S(X)  ac.  Uikc  100  ac.  2  rds.  8  ft. 


-WTNS  MEASXTKX:. 


(1.)  Tun.  pip.hhtLijiil.  qt. 

From  S6     1     0  20  2 

Take  IS      I      1   50  3 

lU'm.  37      1      0  32  3 


(.'>.)         Tun.  pun.  tier.  gal.    (jt. 

From     61      1     0  36     3 
Take      18     2     1   31     2 


(2.)        Hhd.pal.    i/l.    pt. 

From     98  40     2     1 
Take      33  60     3     1 


Rem.     64  42     3     0 


(4.)      Tan,  pip.  hhd.Qtd.    ijt. 

From     90     1     0  30     1 
Take      'y6     1      1   48     2 


From 
Take 


T.     hhd.qtd.     qt.      pt. 

13     1   20     2     0 

5»     0  38     3      1 


(  6.  )      Tun.  pun.  tier.  qtd. 

From     89     1      1   25 
Take      31      2      1    38 


(7.)  From  6  tuns,  take  3  hhds.  15  gal.  3  qts. 

(8.)  From  28  tuns,  1  pun.  take  15  tuns,  1  tier.  19  gal. 


(2.)    md,h.fir.paL  qt. 

From     45     2     6     2 
Take      21      3     7     3 


O.)      Bar.  kit  b.fir.  gid.  qt. 

1  rom     21      1      1     6     3 
Take        9     1      17     2 


Kern.      11      I      1      S     1 


Hem. 


.'3 
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(3.)       Hhd.    gal.    qt.   pt. 

From     200     0    0     0 
Take       87  50     2     1 


(4.)     Butts,  hhd.  gal.    qt. 

From     251     1   13     0 
Take      111     1  48     3 


(5.) 
From 
Take 


Hhd.    hil.  gal.    qt.    pt. 

100  '  1    12     1      1 
40     2  16     3     0 


(6.)      Pun.  b.Jir.gal.   qt. 

From     84     5     3     2 
Take     26     7     6     1 


(7.)  From  12  tuns,  1  butt,  take  8  tuns,  50  gal.  3  qts. 
(8.)  From  19  butt,  1  hhd.  take  10  butt,  1  hhd.  40  gal. 


Rem. 


DRY  IHEASTTKE. 


(1.)        Last,  wey.qrs.  cm.  bus. 

From     136     1     2     1     3 
Take       97     1     3     0     2 


38     1     4     1     1 


(3.)        Qrs.    bus.  pec.  gal. 

From     155     3     2     0 
Take       18     4     3     1 


Rem.     136     6     2     1 


(5.)        ^f^ey.   qrs.  bus.  pec. 

From     112     1     3     2 
Take       18     4     2     3 


(2.)     Qrs.   bus.  pec.  gal. 

From     28     5     1     1 
Take     19     6     3     0 


Rem.       8     6     2     1 


(4. )        IVey.   qrs.  bus.  pec. 

From     186     2     3     2 
Take       42    4     6     3 


Rem.     143     2     4     3 


(6.">        Jf^eg.   qrs.  bus.  pec. 

From     190     3     2     3 
Take       86     4     5     2 


(7.)       Last,  wey.qrs.  cm. 

From     165     0     2     1 
Take       46     1     3     1 


(8.)       Qrs.   bus.  pec.  pot. 

From     279     1      1     0 
Take       34     2     1     3 
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(9.)  FronV  20  wcys  or  loads,  take  8  loads,  3  qrs.  2  pec. 
(10.)  rroin  S  loads,  2  (jrs.  1  cooin,  take  4  (jrs.  'i  bus.  2  pec. 


TIME. 


( 1 .  )        U'i.    dii.    hr.  min.  sec. 

From     32     3     7  10  13 
Take        3     2  10  30     9 


('J.)         }'r.      mo.    wk.    diu 

From     176     8     3     4 
Take        91     9     2     G 


Kcin. 

29  0 

20 

H)  i 

Hem. 

(4.) 

Sl- 

11 

0 

5 

(:3.) 

Mo.    wh. 

rf.i. 

Ar.  wj'/i. 

.Vo. 

irA. 

<L,. 

/ir. 

From 

12  1 

2 

14  19 

From 

93 

2 

I 

0 

Take 

7  2 

3 

9  20 

hr. 

Take 
Rem. 

(6.) 

45 

2 

4 

12 

Hem. 

i  2 

6 

4  59 

47 

3 

3 

12 

(5.) 

Yr. 

mo. 

u-k.  da. 

Mo. 

ich. 

f/«. 

hr. 

From 

1650 

9 

2  3 

5 

From 

18 

0 

4 

10 

Take 

486 

2 

3  5 

( 

Take 

9 

2 

5 

21 

(7.)  From  400  years,  take  98  years,  3  mo.  8  hr.  10  sec. 
^8.)  From  87  months,  take  43  mo.  2  wk.  3  dys.  1  hr. 
(9.)  From  39  weeks,  take   13  wks.  6  dys.  20  hrs.  11  min. 
13  sec. 


Conipounti  iHuItipIirntioiu 

Compound  .Ml  i.tij'Mcatio.s  is  the  method  ol  fuidinjj  what 
any  given  number,  of  different  denominations,  will  amount 
to,  when  repeated  a  certain  proposed  number  of  times. 


1.  Set  the  multiplier  under  tlie  lowest  denonunation  nf  the 
multiplicand  ;    and   having  multiplied  the  number  in  that 

•  The  j)r»)diict  of  a  luiinlH-r  consisting  of  scvi-ral  jmrts  or  dcnorni* 
nations,  l)y  any  simple  nunilnT  whati-ver,  will  evidently  Ik-  expn-vtcil  hjr 
taking  the  product  of  that  simple  ninnl>cr,  and  each  i>«rt  by  itsvlf,  as  to 
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place  by  it,  find  how  many  integers  of  the  next  higher  deno- 
mination are  contained  in  the  product,  and  put  down  what 
remains. 

2.  Carry  the  integers  thus  found  to  the  product  of  the 
multiplier  and  the  number  in  the  next  higher  denomination, 
■with  which  proceed  as  before ;  and  so  on  through  all  the  de- 
nominations to  the  highest;  then  this  product,  together  with 
the  several  parts  before  found,  will  be  the  whole  product  re- 
quired. 

EXAMPLES    OF    MONEY. 

(1.)  9  lb.  of  tobacco  at  4*.  8^d.  per  lb. 
4s.  Sld. 

:  9' 


£'2.   9.8.   4^(7.  Answer. 


(2.)  3  lb.  of  green  tea  at  9s.  6d.  per  lb. 
(3.)  5  lb.  of  loaf  sugar  at  Is.  3d.  per  lb. 
(4.)  9  cwt.  of  cheese  at  4^.  lis.  5d.  per  cwt. 
(5.)  12  gallons  of  brandy  at  19*.  6d.  per  gall. 

CONTRACTIONS. 

I.  When  the  multiplier  exceeds  12,  and  is  a  composite 
number,  or  the  product  of  two  or  more  numbers  in  the  table, 
multiply,  successively,  by  each  of  its  parts,  instead  of  the 
whole  number  at  once. 

EXAMPLES. 

(1.)  16  cwt.  of  cheese  at  4/.  18s.  8d.  per  cwt. 

4x4  =  16 


4cwt.  =  19    14 


16  cwt.  =  78/.  18*.  8d.  the  answer. 


many  distinct  products;  thus  25/.  12s.  6rf.  multiplied  by  9,  will  be 
225/.  108s.  54e?.  =  (by  taking  the  shillings  from  the  pence,  and  the  pounds 
from  the  shillings,  and  placing  them  in  the  shillings  and  pounds  respec- 
tively, we  have  S.'JO/.  12s.  Gd.,  which  is  the  same  as  the  rule  ;  and  this  will 
hold  true  when  the  multiplicand  is  any  compound  number  whatever. 
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(2.)  28  yards  of  broadcloth  at  19.v.  Ul.  per  yard. 

Alls.  27/.  l.v.  \,L 
(3.)  35  firkins  of  butter  at  2/.  15*.  3W.  per  firkin. 

Alts.  961.  1 5s.  2^J. 
(  1.)   1-2  cwt.  of  tallow  at  2/.  lG.v.  6tl.  per  cwU 

Alls.  lis/.  135. 
(5.)  6i  gallons  of  brandy  at  I85.  6rf.  per  gallon. 

Alls.  591.  is. 
(6.)  96  quarters  of  rye  at  2/.  Ss.  -k/.  per  (|uarter. 

J«*.  208/. 
(7.)   120  dozen  of  candles  at  10.v.  9^/.  per  dozen. 

A  US.  CyU.  lOs. 
(S.)   132  yards  of  Irish  cloth  at  2s.  id.  per  yard. 

Alls.  15/.  8.?. 
(9.)   1  It  reams  of  paper  at  1/.  (J.v.  id.  per  ream. 

Alls.  1S9/.  12*-. 

II.  When  the  multi])lier  is  not  a  composite  number,  take 
that  wliich  is  nearest  to  it,  and  multiply  by  its  component 
parti,  a«4  before  ;  then  add  or  subtract  as  many  times  the  first 
line  as  tlie  number  so  taken  is  greater  or  less  than  the  given 
multiplier. 

rXAMI'I.ES. 

(1.)   17  ells  of  Holland  at  7*.  S\d.  per  ell 
£.  s.    d. 
0     7     8^ 

l-'x  1-  +  1  =  17 


1    10   10   =t  ells 
4 


6     3     \    =l(>ell^ 
0     7     8;  =  lell 


£6  Ws.O^d.  the  a  lis  in  r. 


(2  )  23  ells  of  dowlas  at  U.  GUI.  per  .11.  Aiis.  II.  I5s.5id. 
{  S.)  Hi  bushels  of  \vh(>at  at  8.v.  7  \d.  per  bushel. 

Alls.  19/.  15.«.  Did. 
V  i.)  59  yard>  of  silk  at  7.«.  \0d.  per  \  aid.   .Ins.  '2:i.  2s.  ''lit 
I)  3 
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(5.)  94  pairs  of  silk  stockings  at  12*.  2c?.  per  pair. 

Ans.  511.  Ss.  M. 
(6.)  117  cwt.  of  nialaga  raisins  at  4/.  2*.  3c?.  per  cwt. 

Ans.  4-8  H.  3*.  2>d. 

EXAMPLES  OF  WEIGHTS,  MEASURES,  &C. 
(l.)ffi.  oz.dwt.gr.  (2.)  lb.    oz.    dr.    sc.         (3.)  Cwt.    qr.  lb.    oz. 

21  1  17  13       2  4  2  2       21     \   n  12 
4  7  12 


(^.)  Mi.  fr.  ph.    yds.  (4.)  Yds.     qrs.   na.  (6.)  Ac.      ro.  po. 

24  3  20  2        127  2  2        27  2  1 
6  8  9 


(7.)T.     hhd.  gal.   pt.        (8.)  Wy.     qr.  bus.  pck.       (9.)  W.       d.    hr.     m. 

29  1  20  3       27  1  7  2     113  6  20  59 
5  7  11 


Compciuntr  JBibidion* 

Compound  Division  is  the  method  of  finding  how  often 
one  given  number  is  contained  in  another  of  different  deno- 
minations. 

RULE.* 

1.  Place  the  divisor  and  dividend  as  in  simple  division. 


*  To  divide  a  number  consisting  of  several  denominations  by  any 
simple  number  whatever,  is,  evidently,  the  same  as  dividing  all  the  parts 
or  numbers  of  which  it  is  composed,  by  the  same  simple  number.  And 
this  will  be  true  when  any  of  the  parts  are  not  an  exact  multiple  of  the 
divisor ;  for,  by  conceiving  the  number,  by  which  it  exceeds  that  mul- 
tiple, to  have  its  proper  value,  by  being  placed  in  the  next  lower  deno- 
mination, the  dividend  will  still  be  divided  into  similar  parts,  and  the 
true  quotient  found  as  before:  thus  25Z.  12s.  Stf.  divided  by  9  will  be 
the  same  as  I8Z.  1 44s.  99rf.  divided  by  9,  which  is  equal  to  21.  \6s.  lid. 
as  by  the  rule ;  and  the  method  of  carrying  from  one  denomination  to 
another  is  exactly  the  same. 
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2.  Begin  at  till'  Icfl-liaiul,  or  liij;li»'st  (lononniiatlnn  of  tlio 
(lividi-iui,  which  ili\  iiU'  by  tin- divisor,  and  set  tlowii  the  <|uoti('nt. 

3.  If  anything  ninains  nftrr  this  division,  tind  iu>w  many  iii- 
tpgers  of  the  lu'xt  h)\vt'r  denomination  it  is  rqual  to,  and  add 
them  to  the  numlu'r,  if  any,  which  stands  in  that  (h^nomination. 

4.  Divide  tliis  iiund>er  so  found  by  tiie  divisor,  and  set  the 
quotient  umh-r  its  proper  denomination. 

5.  Proceed  in  the  same  manner  through  all  the  denomina- 
tions to  the  hiwest  ;  and  the  whole  result  thus  obtained  will 
be  the  answer  re(|uired. 

EXAMPLES    OF    MONEY. 

(I.)  Divide  225/.  2*.  M.  by  2. 

2)225/.    2*.    -k/. 


1 1 2/.   1 1  .T.  2tl.  the  quotient. 


(2.)  Divide  751/.  \U.  l\d.  by  3. 

(3.)  Divide  821/.  Ms.  9^^.  by  4. 

(4.)  Divide  23K2/.  13*.  5W.  by  5. 

(5.)  Divide  28/.  2$.  \\d.  by  6. 

(6.)  Divide  55/.  15.«.  6//.  bv  7. 

(7.)  Divide  (J/.  5.V.  8^/.  by  8." 

(8.)   Divide  135/.  10.V.  7^/.  by  9. 

(9.)  Divid.'  21/.  18.V.  4r/.  bv  10. 
(10.)  Divide  2i7/.  10.?.  5(1.  bv  11. 
(11.)  Divide  1332/.  11*.  8UA  by  12. 

CONTKACTIONS. 

1.  \\  hen  the  divisor  is  a  composite  number  that  exceeds 
12,  find  what  simple  numbers,  multiplied  together,  will  produce 
it,  and  divide  by  them  separately,  as  in  simple  division. 

E.\AMPLES. 

(1.)  What  is  a  certain  cominoditv  per  cwt.  if  Ifl  cwt.  cost 
30/.  18*.  hit.} 

4)30/.   18*.  UL 


4)7/.  14.V.  8^/. 

1/.  18*.  8</.  the  tniswcr. 
D  4 
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(2.)  Divide  85/.  6s.  bv  72.  Ans.  U.  3s.  S^d. 

(3.)  Divide  571.  Ss.  Id.  by  35.  Ans.  11.  Us.  8d. 

(4.)  Divide  31/.  2s.  10|^.  by  99.  Ans.  6s.  3^d. 

(5.)  At  18/.  18s.  per  cwt.,  how  much  per  lb.?  ^«s.3s.4-i</. 

(6.)  If  a  quantity  of  tobacco,  consisting  of  20  hundred 
weight,  comes  to  370/.  6s.  8d.,  what  is  that  per  hundred 
weight?  A71S.  181.  lOs.  ^d. 

(7.)  If  a  quantity  of  sugar,  consisting  of  264  pounds,  cost 
11/.  16s.  6d.;  what  is  the  price  per  pound  ?  Ans.  lOfd'. 

II.  If  the  divisor  cannot  be  produced  by  the  multiplication 
of  two  or  more  small  numbers^  divide  by  the  whole  divisor 
at  once,  after  the  manner  of  long  division. 

EXAMPLES. 

(1.)  Divide  74/.  13s.  6d.  by  17. 

17)74/.  13s.  6d.(il.  7s.  lOd.  Ans. 
68 

6 
20 


17)133(7 
119 


14 
12 


17)174(10 
170 


(2.)  Divide  23/.  15s.  7^.  by  37.  Ans.  12s.  10\d. 

(3.)  Divide  199/.  3s.  lOd.  by  53.  A7is.  31.  15s.  2rf. 

(4.)  Divide  675/.  12s.  6d.  by  138.  Ans.  4/.  17s.  lid. 

(5.)  Divide  315/.  3s.  lOld.  by  365.  Ans.  17s.  3^1- 

EXAMPLES    OF    WEIGHTS    AND    MEASURES. 

(1.)  Divide  23  lb.  7  oz.  6  dwt.  12  gr.  by  7. 

Ans.  3  lb.  4  oz.  9  dwt.  12  gr. 
(2.)  Divide  13  lb.  1  oz.  2  dr.  0  sc.  10  gr.  by  12. 

Ans.  1  lb.  1  oz.  0  dr.  2  sc.  10  gr. 
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(y.)  Divide  1061  cwt.  'J  (jr.  by  28. 

Ans.  37  cwt.  3  qr.  IH  lb, 
( t.)  Divide  375  mi.  2  fur.  7  pi.  2  yd.  I  ft.  bv  39. 

Alts.  9  mi.  !•  fur.  39  i)l.  0  yd.  2  ft. 
(.5.)  Divide  .'>71  vd.  2  qr.  1  nl.  by  47. 

.•1m*.  12  yd.  Oqr.  2  na. 
(6.)  Divide  51  ae.  2  ro.  3  po.  by  51.  Ans.  1  ac.  0  ro.  1  po. 
(7.)  Divide  10  tun.  2  hlid.  17  gall.  2  (jt.  by  67. 

.-1//.V.  39  gall.  3  qt. 
(8.)  Divide  120  lasts,  1  (|r.  1  bii.  2  pe.  I)y  71. 

Ans.  1  last,  6  (|r.  1  bu.  3  pe. 
(9.)  Divide  120  mo.  2  wi-.  3  ila.  5  ho.  20  miii.  by  111. 

Ans.  1  mo.  0  we.  2  da.  10  bo.  12  min. 


lUtiurtion. 

Kedlction  is  tlie  nictlnnl  ol  luiivcrtiiij;  numbers  from  one 
name  or  deiiomiiiatiuii  to  anotlier,  without  alti-ring  their 
values. 

RULE.* 

1.  When  the  numbers  are  to  be  reduced  from  a  higher 
di'iioniinatioii  to  a  lower. 

1.  Multiply  tin-  nund)fr  in  the  higher  denomination  by  as 
many  of  the  next  Iohit  as  make  an  integer,  or  one,  in  that 
higher,  and  set  down  the  product. 

2.  To  this  product  add  the  numlK-r,  if  any,  whicii  was  in 
this  lower  denomination  In-fore;  and  multiply  the  sum  by  as 
manv  of  the  next  lower  denomination  as  make  an  integer  in 
the  present  one. 

3.  Proceed  in  the  same  manner  through  all  the  denomina- 
tions to  the  lowist,  and  the  immber  lu>t  f«)und  will  hv  the 
valiu'  of  all  the  numbers  that  wvw  in  the  higher  denomina- 
tions taken  together. 


*  llio  rcuvii)  of  this  rule  is  oiiviou^ ;  fur  puuiuU  arc  l)ruuf;lit  intu 
shillinifs  by  raultiplying  tlioin  by  'iO,  s)iilliiig>  into  pi-nci.'  by  nutltiplyin); 
thi-m  by  V2,  and  pence  into  farthing  by  luultiplying  thi-in  by  ^  ;  ami 
the  contrary  by  ilivi^ion  :  ant]  n  similar  rule  will  be  true  tor  the  reduc- 
tion of  nuiabers  cunsisting  of  anv  denoininatiunt  wbate>er. 
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II.  When  the  numbers  are  to  be  reduced  from  a  lower 
denomination  to  a  higher. 

1.  Divide  the  given  number  by  as  many  of  that  denomi- 
nation as  makes  one  of  the  next  higher,  and  set  down  what 
remains. 

2.  Divide  this  quotient  by  as  many  of  the  last  denomina- 
tion as  make  one  of  the  next  higher,  and  set  down  what 
remains,  as  before. 

3.  Proceed  in  like  manner  through  all  the  denominations 
to  the  highest ;  and  the  quotient  last  found,  together  with  the 
several  remainders,  if  any,  will  be  of  the  same  value  as  the 
number  proposed. 

EXAMPLES. 

(1.)  In  1465/.  145.  5d.  how  many  farthings? 
1465/.  145.  5d. 
20 


29314 
12 

351773 
4 


1407092  Answer. 


(2.)  Reduce  1407092  farthings  into  pounds. 
4)1407092 


12)351773 
2,0)293 1,4-5(/. 


1465/.  145.  5d.  Answer. 


(3.)  In  12/.  how  many  farthings?  Ans.  11520. 

(4.)  In  6169  pence  how  many  pounds?   Ans.  251.  145.  Id. 
(5.)  In  35  guineas  how  many  farthings  ?  Ans.  S5280. 

(6.)  How  many  French  francs  of  lOd.  each  are  there  in 
100/.  ?  Ans.  2400. 
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(7.)  In  213210  grains  how  many  pounds  troy  ? 

Alls.  37  H>.  3  <l«'t.  IS  gr. 

(8.)  In  177«)  quarter-guineaji  how  many  sixpences? 

Ans.  18648. 

(9.)  In  59  Il>.  0  oz.  13  dwt.  5  gr.  how  many  grains? 

Ans.  3401.57. 

(10.)  In  420  quarter-guineas  how  many  moidores  of  27^. 
each?  Ans.  81  moidores  and  IHs. 

(11.)  In  231/.  16^.  how  many  ducats  at  4.v.  9ff.  each  ? 

Ans.  976. 

(12.)  It  is  required  to  reduce  1776  pieces  of  thirty-six 
shillings  each  in  value  to  half-crowns.  Ans.  25574V. 

(13.)  Ill  50^07  moidores,  how  many  pieces  of  coin,  each 
4*.  6<l.  ?  '  Ans.  304S42. 

(14.)  In  271-  marks,  each  I3s.  i//.,  and  87  nobles,  each 
6s.  8fl.,  how  many  pounds?  Ans.  21 1/.  13*.  Iri. 

(15.)  How  many  times  will  a  coach  wheel  of  18J,  feet  in 
circumference  turn  round  between  London  and  York,  the 
distance  being  197  miles?  yl«.*.  56221- JJs  times. 

(16.)  In  35  tons,  17  cwt.  1  ()r.  23  lb.  7  oz.  13  dr.  how- 
many  drams  ?  .r4;t,«.  20571005. 

(17.)  In  37  cwt.  2  qr.  17  lb.  avoirdupois,  how  many  lbs. 
troy,  a  lb.  avoirdupois  being  equal  to  14  oz.  11  dwt.  15^  gr. 
trov  ?  Ans.  5124  lb.  5  oz.  10  dwt.  1 1 J  gr. 

(18.)  How  many  barleycorns  will  reach  round  the  world, 
supposing  its  circumference,  according  to  the  best  calcu7 
lation,  t()  be  250(K)  miles  ?  Ans.  47520O(XXX).'^ 

(19.)  In  17  pieces  of  cloth,  each  containing  27  l-"lemi>h 
ells,  how  many  yards  ?  Ans.  344  yds.  1  fjr. 

(20.)  If  a  person  step  at  an  average  2i  feet,  how  many 
steps  will  h.'  take  in  walking  20  miles?  Ans.  42240. 

(21.)  How  many  minutes  have  elapsed  since  the  birth  of 
Christ  to  the  year  181-2  inclusive,  allowing  the  yt'ar  to  con- 
sist of  My.'y^  days  ?  Ans.  ;)()SS  1 8320. 

(22.)  If  H|  guineas  weigh  1  lb.  troy,  and  4S  half-pence  a 
lb.  avoirdupois,  what  ix  the  ditlereiice  between  the  weight  of 
a  guinea  and  a  half-j)enny  ?  Ans.  15  gr.  -j^i^;. 

(23.)  How  long  woidd  it  recjuire  to  count  eight  hundred 
millions  of  nioney,  which  is  almost  the  national  debt  of  this 
country  at  present,  at  the  rate  of  100/.  a  minute  without 
intermission  ?     Ans.  15  vrs.  3  mo.  1  wk.  4  days,  13  h.  20  m. 
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€i)t  itvule  ot  Cftree,  or  Simple  ^Sroportimt. 

The  Rule  of  Three  is  the  method  of  finding  a  number 
that  shall  have  the  same  proportion  to  one  of  three  given 
numbers  as  there  is  between  the  other  two. 

RULE.* 

Consider  which  of  the  three  given  terms  is  of  the  same 
kind  with  the  answer,  or  number  to  be  found,  and  put  it 
down  the  last  in  the  proportion. 

*  This  rule,  which  has  commonly  been  divided  into  two  parts,  as  well 
as  improperly  stated,  is  here,  for  the  sake  of  the  learner,  rendered  equally 
applicable  both  to  the  Rule  of  Three  Direct,  and  the  Rule  of  Three  In- 
verse. Its  truth,  as  far  as  regards  direct  proportion,  is  founded  on  this 
obvious  principle,  that  magnitudes  or  quantities  of  any  kind  vary  in 
proportion  to  the  varying  parts  of  their  cause.  Thus,  different  quanti- 
ties of  goods  bought  are  in  proportion  to  the  money  laid  out  for  each  ; 
the  spaces  gone  over,  by  uniform  motions,  are  in  proportion  to  the 
times,  &c. 

When  applied  to  ordinary  inquiries  it  may  also  be  made  sufficiently 
evident,  by  attending  only  to  principles  already  explained.  Thus  it  is 
shown,  in  multiplication  of  money,  that  the  price  of  one  multiplied  by 
the  quantity  is  the  price  of  the  whole  ;  and  in  division,  that  the  price 
of  the  whole,  divided  by  the  quantity,  is  the  price  of  one. 

Hence,  in  all  eases  of  valuing  goods,  &c.  where  one  is  the  first  term 
of  the  proportion,  it  is  plain  that  the  answer  found  by  this  rule,  will  be 
the  same  as  that  found  by  multiplication  of  money ;  and  where  one  is 
the  second  or  third  term  of  the  proportion  it  will  be  the  same  as  that 
found  by  division  of  money. 

Also,  if  the  first  term  be  any  number  whatever,  it  is  plain  that  the 
product  of  the  second  and  third  terms  will  be  greater  or  less  than  the 
true  answer  required,  by  as  much  as  the  price,  in  either  of  these  terms, 
exceeds  or  falls  short  of  the  price  of  one,  or  as  the  first  term  differs  from 
unity.  Consequently  thLs  product,  divided  by  the  first  term,  will  give 
the  true  answer  required. 

In  like  manner,  when  the  proportion  is  inverse,  or  such  that  two  of 
the  four  proposed  numbers  increase  in  the  same  proportion  that  the 
two  others  diminish,  the  truth  of  the  rule  may  be  made  evident,  from 
the  principles  of  compound  multiplication  and  division,  as  before.  For 
example  :  If  6  men  can  do  a  piece  of  work  in  10  days,  in  how  many 
days  will  1 2  men  do  it  ? 

10x6 

Here  12  men  :   6  men    ::    10  days  : —   =   5  days,  the  answer; 

where  the  product  of  the  second  and  third  terms,  i.  e.  6  times  10,  or  60, 
is  evidently  the  time  in  which  one  man  would  perform  the  work  ;  con- 
sequently 12  men  wDl  do  it  in  one  twelfth  part  of  that  time,  or  in  5  days; 
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Then,  if  it  appears,  from  tlu'  nature  of  tlie  (|uesti()n,  that 
the  answer  will  be  fjreater  tlian  this  number,  put  the  greater 
of  the  other  two  terms  in  the  mitldle,  and  tlie  hss  first ;  l)ut  if 
it  will  be  less,  put  the  less  in  the  niithlle  and  the  greater 
first. 

Having  thus  stated  the  question,  reduce  the  two  first 
terms  of  the  proportion,  when  necessary,  to  the  same  deno- 
mination, and  th<-  third  to  the  lowest  denomination  mentioned 
in  it. 

Then  multiply  the  second  and  third  tenns  together,  and 
divide  tlu  product  by  the  first,  and  the  (piotient  will  be  the 
answer,  in  the  same  denomination  that  the  third  term  was 
reduced  to  ;  which  nmst  be  brought  again,  if  necessary,  to 
the  highest  denomination  it  admits  of,  in  ord<'r  that  the 
answir  niav  be  e\hil)ited  in  its  proper  form. 

EXAMPLES. 

1.   What  i>  the  value  of  a  pipe  of  j)ort,  consisting  of  115 
galluur,  at  tlie  rate  of  2/.  (in.  a  dozen,  or  I'J  quarts? 
fjis.  (/(ill.  I.    s. 

VI     :      115         ::         2   6 

+  «//«.=  1  gall.      20 


27(JO 
l.SK) 

12)21160 


2,0)1 76,3- k/. 


8S/.  3«.  U.  Ans. 


and  the  viiuo  mode  uf  rfasuning  will  apply  to  any  other  exampli*  of  this 
kind. 

\iitr.  Wlicn  it  can  be  dunr,  multiply  and  divide  as  in  compound  niuU 
tiplicutioii  and  division.  And  if  the  1st  term,  tind  either  ilie  'Jd  or  Sd, 
ran  Ik*  divided  hy  any  nunilK-r  without  a  remainder,  let  them  In*  lo 
divided,  and  the  i)iii>ticnt>  iiwd  instead  of  them  ;  which,  in  general,  will 
much  abridge  the  operation. 
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(2.)  How  man  J'  yards  of  calico,  that  is  ell- wide,  English, 
will  line  21;|^  yards  of  cotton  that  is  3  qrs.  wide? 


ell. 
1 
5 

qrs. 

3       : 

85 

ijds. 
:           21i 
4 

5 

5)255 
4)51 
12| 

85 
Anx.  1 2  var 

(3.)  What  is  the  value  of  a  cwt.  of  sugar  at  1*.  \\d.  per 
lb.?  Ans^eiQs. 

(4.)  What  is  the  value  of  a  ton  of  coals,  at  1*.  6~id.  per 
cwt.?  Ans.  \l  ids.  lOd. 

(5.)  What  is  the  value  of  \^  cwt.  of  coffee  at  5^-  per  oz.  ? 

Aris.  611.  \2s. 

(6.)  If  750  men  are  allowed  22500  rations  of  bread  per 
month,  how  many  rations  will  a  garrison  of  1200  men  re- 
quire ?  Ans.  36000. 

(7.)  At  lOjrf.  per  lb.  what  is  the  value  of  a  firkin  of  butter 
containing  half  a  cwt.  ?  Ans.  11.  95. 

(8.)  What  is  the  tax  upon  745/.  14*.  8(7.  at  3*.  6d.  in  the 
pound  ?  Ans.  130/.  10*.  0|rf.  f^'  or  i. 

(9.)  If  10  workmen  can  finish  a  piece  of  work  in  12  days, 
how  many  can  do  the  same  in  3  days?  Ans.  40  men. 

(10.)  How  much  in  length  that  is  4Tr  inches  broad  will 
make  a  square  foot,  which  is  12  inches  long  and  12  inches 
broad  ?  Ans.  32  inches,  or  2  ft.  8  in. 

(11.)  At  3/.  9*.  per  tod,  what  is  the  value  of  a  pack  of  wool 
weighing  2  cwt.  2 qrs.  13  lb.?  Am.  36/.  2*.  Oirf. 

(12.)  What  can  a  person  spend  per  week  whose  income  is 
700/.  per  annum?  Ans.  13/.  9*.  2|r/. 

(13.)  How  manyyards  of  matting,  2ft.  6in.  broad,  willcover 
a  floor  that  is  27  ft.  long,  and  20  ft.  broad  ?       Ans.  72  yards. 

(14.)  What  is  the  value  of  2  qrs.  1  na.  of  velvet  at  19^.  9>\d. 
per  Eng.  ell.  Ans.  8*.  iO{c/.  -^^. 

(15.)  How  many  quarters  of  corn  can  I  buy  for  40  guineas 
at  8«.  Qd.  per  bushel  ?  Ans.  1 2  qrs.  2-}  t  bush. 
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(16.)  If  an  ounce  of  silver  bo  worth  5s.  Gd.,  wliat  is  the 
prici'  of  a  tankard  that  weighs  1  lb.  10  oz.  10  dwts.  •!•  gr.  ? 

Ans.  61.  3s.  9\fi. 

(17.)  How  much  in  h-tij;th,  that  is  \'.i\  j)()les  in  breadth, 
must  be  taken  to  contain  an  acre,  which  is  iO  poles  lonj;  and 
4-  poles  broad  ?  Ans.  1 1  po.  i  yds.  2  ft.  0  in.  ^,  V. 

(IS. )  If  1  Kng.  ell,  2  qrs.  of  muslin  cost  U.  7'/.  what  will 
39A  yards  cost  ?  Ans.  5/.  U.v.  n\(l. 

(19.)  What  is  the  half-year's  rent  of  .5+7  acres  of  land,  at 
1/.  1  l.v.  per  annum  per  acn;  ?  Ans.  \2'M.  \Hs.  6ff. 

(20.)  At  a  guinea  per  week,  how  many  months'  Ixtard  can 
I  have  for  100/.  ?  Ans.  2:5  mo.  li  wks.  1  da.  \\  or  «. 

(21.)  .At  1/.  6s.  5tf.  per  yaril,  what  is  the  value  of  a  piece 
of  cloth  containing  .52;  Kng.  ells  ?  Ans,  S7L  Is.  lOc^. -j-'',.. 

(22.)  How  many  yards  of  cloth,  3  qrs.  wide,  are  equal  in 
measure  to  30  yds.  5  qrs.  wide  ?  Ans.  .50  yards. 

(23.)  How  many  yards  of  paper,  of  1  \  yard  wide,  will  be 
8uffici«'nt  to  hang  a  room,  which  is  twenty  yards  in  circum- 
ference, and  i  yards  in  height?  Ans.  fit-  yards. 

(21-.)  How  many  yards  of  stuff,  3  qrs.  broad,  will  line  a 
cloak  that  is  .5',  yards  in  length  and  1  \  yards  broad  ? 

Ans.  9  yds.  0  qrs.  2  na.  |. 

(2.5.)  If  a  servant's  wages  be  27  guineas  a-year,  how  much 
will  he  have  to  receive  for  9,5  days'  service  ? 

Ans.  7/.  7.V.  6](l.  ;{;i^. 

(26.)  Supposing  .S2  bricks  will  pave  a  sj)act!  that  is  a  yard 
square,  how  many  will  it  take  to  j)ave  a  kitchen  that  is  22  feet 
long  and  IS  feet  wide?  Ans.  IIOS. 

(27.)  What  is  tin-  value  of  a  gold  snuff-box  that  weighs 
•!•  oz.  S  dwt.  9  gr.  at  the  rate  of  J-/.  'As.  9\(l.  ju-r  ounce  ? 

Ans.  18/.  10.V.  3d. 

(2H.)  How  many  yards  of  calico  that  is  ell  wide  will  line 
20  yartls  of  cotton  that  is  3  qrs.  wide  ?  Ans.  12  yards. 

(29.)  If  the  penny  loaf  weighs  V].  ounces  when  flour  is 
4*.  9(i.  a  peck,  how  much  «tught  it  to  weigh  whrn  flour  is 
5s.  (V/.  a  peck  ?  Ans.  3  oz.  1  }•  dr.  \i  or  j'*';. 

(30.)  What  is  the  value  of  a  chest  of  tea,  weighing  2cwt, 
1  (|r.  19  ll».  at  .S.V.  6^/.  per  lb.  ?  Ans.  1 1.5/.  3.*.  6^. 

(31.)  What  docs  .59  cwt.  2  qrs.  21- lb.  of  tobacco  come  to 
at  7/.  1  Kv.  .'ul.  pt  r  cwt.  ?  Ans.  Uill.  ().«.  lOJ.rf. 

(32.)  How  many  Eng.clls  of  Holland  may  be  l)»)Ught  for  100 
guineasat the  rateof  b*. 9.'.f/.  per  vard? 

Ans.  191  ells,Oqr.  1  na.  ^^5. 
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(33.)  Bought  12  pockets  of  hops,  each  weighing  1  cwt. 
2  qrs.  17  lb. ;  what  do  they  come  to  at  51.  \s.  ^d.  per  cwt.  ? 

Ans.  100/.  8s.  Q^d, 

(34.)  Bought  3  casks  of  raisins,  each  weighing  2  cwt.  2  qrs. 
25  lb. ;  what  will  they  come  to  at  5l.  \s.  8d.  per  cwt.  ? 

A/is.A^ll.  10s.  6^d. 

(35.)  If  12  men  can  reap  a  field  of  wheat  in  3  days,  in  what 
time  can  the  same  work  be  performed  by  25  men  ? 

Ans.  1  d."'  10  h.  33  m.  ^  f-  or  |. 

(36.)  If  3|  yards  of  cloth,  of  [-\  yard  in  width,  will  make 
a  suit  of  clothes,  how  much  will  be  requisite  for  the  same  pur- 
pose, when  the  cloth  is  only  f  yard  wide  ?  A?is.  7^  yards. 

(37.)  If  a  person's  income  be  500  guineas  a-year,  and  he 
spends  19s.  7d.  per  day,  one  day  with  another,  ho'.v  much  will 
he  have  saved  at  the  year's  end  ?  Afis.  167/.  12s.  Id. 

(38.)  What  is  the  value  of  172  pigs  of  lead,  each  weighing 
Scwt.  2  qrs.  17^^  lb.  at  25/.  12s.  6d.  per  fother  of  19^:  cwt.? 

A71S.  826/. '8s.  Ud. 

(39.)  The  rents  of  a  whole  parish  amount  to  1750/.  and  a 
rate  is  granted  of  98/.  9s.  6d. ;  what  is  that  in  the  pound  ? 

A71S.  Is.  H</. 

(40.)  If  my  horse  stands  me  in  Is.  lid.  per  day  keeping, 
what  Mill  be  the  charge  of  11  horses  for  the  year  ? 

Ans.  384/.  15s.  5d. 

(41 .)  What  must  40s.  pay  towards  a  tax,  when  650/.  13s.  4(/. 
is  assessed  at  83/.  12s.  4rf.  ?  Ans.  5s.  Hd. 

(42.)  If  the  cock  of  a  large  cistern  will  empty  it  in  27 
minutes,  how  many  such  cocks  will  empty  it  in  5h  minutes  ? 

'  Ans.  4i^. 

(43.)  If  27  cows  can  be  kept  in  a  field  for  12  days,  how 
long  can  40  cows  feed  upon  the  same  quantity  of  pasture  ? 

Ans.  8^fj  days. 

(44.)  If  the  soldiers  in  a  besieged  garrison  have  provisions 
sufficient  for  5  months,  at  the  rate  of  20  oz.  per  man  a  day, 
how  long  will  they  be  able  to  hold  out  when  they  are  reduced 
to  12  oz.  a  day  ?  Ans.  8  mo.  9  da-  8  ho. 

(45.)  Bought  25  pieces  of  Holland,  each  containing  25  Eng. 
ells,  for  300 guineas,  what  is  that  per  yard?   Ans.  Ss.Old.  -^-A' 

(46.)  A  bankrupt  owes  in  all  1490/.  5s.  lOd.,  and  has  in 
money,  goods,  and  recoverable  debts,  781/.  17s.  4c/. ;  if  these 
be  delivered  to  his  creditors,  what  will  they  get  in  the 
pound  ?  Ans.  10s.  6{d.  f^igf 
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(47.)  If  15  ells  of  stuff,  I  of  a  yard  wide,  cost  [i'Js.  M., 
what  will  40  ells  of  the  .«ame  stuff  eost,  being  yard  wide  .•' 

Ans.  61.  \Ss.  \(/. 
(48  )  If  I  l»iiy  1.^  yards  of  cloth  for  1 1  guineas,  how  niany 
Reniish  ells  can"  1  buy  for  'JK)/.  VAs.  \<l.  at  the  same  rate  ? 

Ans.  41(i  I'U'inish  fUs,  2  qrs. 

(49.)  What  is  a  quarter's  rent  of  o(X)aen'S  of  land,  which  is 

let  for  1/.  l.").v.  (W.  an  acre  per  aninun  ?       Ans.  '221/.  IT-v.  6r/. 

(50.)  A  factor  bought  19  pieces  of  Holland  cloth,  which 

cost  him  176/.  l:}.v.  at  tin-  rate  of  5s.  'Ml.  per  ell  Hemish  ;  how 

many  Knglish  ells  did  the  19  pieces  contain? 

•^        ""  Ans.  40:J  ells,  .S  qrs.  3  na. 

(')1  )  If  a  gentleman's  estate  be  worth  \'J>HU.  \6s.  a  year, 

and  the  land-tax  be  assessed  at  2s.  9\d.  per  pound,  what  is 

his  net  annual  income?  Ans.  1191/.  lO.v.  l\d. 

(52.)  If  a  person  lend  me  250/.  for  7  months,  how  long 

oucht  I  to  lend  him  300/.  in  return  for  his  kindness? 

Ans.  5  mo.  3  we.  2  da.  \. 

(53.)  How  manv  Venetian  ducats,  at  4.v.  4</.  each,  are  equal 

in  value  to  730  rix-dollars,  at  \s.  5'lfL  each?     Ans.  754  -^>J. 

(54  )  Bought   1-  bales  of  cloth,  each  containing  6  pieces, 

and  each  piece  27  yards,  at   IG/.  4a.  per  piece,  what  is  the 

value  of  the  whole,  and  the  rate  ju  r  yard  f 

Ans.  3S8/.  \Gs.  whole  cost,  at  12.v.  per  yard. 
(5').)  Bought  KHK)  Flemish  ells  of  cloth  for  90/.,  how  must 
I  sell  it  again  per  ell  Knglish  to  gain  10/.  by  the  whole? 

Ans.  3>v.  Uf. 
(56.)  Bought  3tunsofoilfor  1,31/.  14.?.,  S5  gallons  of  which 
l)eing  damaged,  I  desire  to  know  how  I  may  sell  the  remainder 
per  eallon,  so  as  neithi-r  to  lose  nor  gain  by  the  bargain  .•' 
*       ^  Ans.  \s.  6\fl.  ,;-.^. 

(57.)  What  quantity  of  water  must  I  add  to  a  hogshead  of 
wine,  value  33/.,  to  reduce  the  first  cost  to  9.v.  per  gallon  ? 

Ans.  10  gal.  1  (|.  0  pi.  i- 

( -,S.)  What  does  the  whole  pay  of  a  man-of-war's  crew. 

consistiuL' of  640  sailors,  amount  to,  for  32  months' service, 

each  man's  wages  being  22.v.  (W.  per  month  ?      Ans.  23040/. 

(.59.)   How  inany  pieces  of  Holland,  each  containing  15  ells 

Flemish,  may  be  bought  for  .30/.  IGs.  'ul.  at  the  rate  ^.f  .'kv.  3rf. 

per  ell  K nulish  ?  Ans.  1 3  j.ieces,  2,,';  cjrs.  over. 

(60.)  The  circumference  of  the  tarlh  l)eing  25(KX)  miles  ;  it 

is  required  to  fiml  at  w  hat  rate  per  hour  a  body  must  be 
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carried,  to  pass  completelj^  round  it  in  23  hours  56  minutes, 
which  is  the  length  of  a  sidereal  day?  Ans.  1 044  ^^V^^  miles. 

(61.)  If  the  carriage  of  30  cwt.  of  baggage  cost  1/.  4,s.  for 
20  miles,  what  will  the  carriage  of  76  cwt.  for  84  miles  amount 
to,  at  the  same  rate?  Ans.  12/.  155.  4-^-c?.  l^^. 

(62.)  If  a  person  spend  as  much  in  four  months  as  he  gains 
in  three,  how  much  can  he  lay  by  annually,  supposing  he 
gains  120/.  10^.  every  six  months?  A?is.  60/.  5s. 

(63.)  Shipped  for  Barbadoes  500  pairs  of  stockings  at  35. 6c?. 
per  pair,  and  1650  yards  of  baize  at  Is.  3d.  per  yard;  and  have 
received  in  return  348  gallons  of  rum  at  6s.  8c?.  per  gallon, 
and  750  1b.  of  indigo  at  I5.  4c?.  per  lb.;  what  remains  due 
upon  my  adventure?  Ans.  24/.  125.  6c?. 

(64.)  If  a  certain  number  of  men  can  throw  up  an  entrench- 
ment in  10  days,  when  the  day  is  6  hoars  long,  in  what  time 
would  they  do  it  when  the  day  is  8  hours  long  ?  Atis.  7-t  days. 

{65.)  A  wall  that  is  to  be  built  to  the  height  of  27  feet,  was 
raised  9  feet  by  12  men  in  6  days;  how  many  men  must  be 
employed  to  finish  the  wall  in  4  days,  at  the  same  rate  of 
working?  Ans.  36. 

{66.)  If  30  men  can  perform  a  piece  of  work  in  1 1  days, 
how  many  will  accomplish  another  piece  of  work  four  times 
as  large  in  a  fifth  part  of  the  time  ?  A7ts.  600. 


Coinpouittr  ^Sroportiom 

Compound  Proportion  is  the  method  of  resolving,  at  one 
operation,  such  questions,  as  by  the  common  Rule  of  Three 
would  require  two  or  more  statings  to  be  worked  separately. 

rule.* 

Arrange  the  given  terms  or  numbers  mentioned  in  the  ques- 

*   The  reason  of  this  rule   may  be  readily  shown  from  the  nature  of 

Simple  Proportion  :   for  every  separate  row  in  this  case  is  a  particular 

stating  in  the  common  Rule  of  Three  ;  and  therefore  if  all  the  separate 

dividends  be  collected  together  into  one  dividend,  and  all  the  divisors 

into  one  divisor,  their  quotient  must  be  the  answer  sought.     Thus,  in 

example  the  first : 

''4x16 
As  9  bush.  :  24  bush.   ::  16  hor«es  :  horses, 

04vl6                 ''4x16x6 
And  as  7  days  :  6  days  : : horses :   =  35^  horses,  as 

•^  ^  9  9x7  ' 

by  the  rule. 
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ion  according  to  their  proper  stations  as  taught  in  thcRulc 
.f  Simpl.-  Proimrtion  ;  considering  the  third  term,  taken 
iiM'lv,  as  coinniou  to  each  stating. 

Th.n,  the  cntinued  product  of  all  the  s.-eond  trrms  ot 
he<e  nroportioiis.  and  the  third,  or  eonimon  term,  divided  by 
he  product  of  all  the  Hrst  terms,  will  give  the  answer  rc- 

^"  We.  When  the  same  numbers  are  found  in  the  divisor  as 
,„  tin-  dividend,  they  may  be  tiirown  out  of  each. 

EXAMPLES. 

(\)  U  Ifi  horses  will  consume  9  bushels  of  oats  in  6  days, 
how  many  horses  would  consume  '2 1  bushels  in  7  days  at  the 
same  rate  ? 

r  f)  bushels  \       .        r  '2\  bushels "!  .  .    jg  j^^j^gg  .  answer. 
17  days       J        '       \    «  days       j    ' 
..    6  X 24  X  16_2x24xl6_2x 8  x  16^256^3g ^  ^„^, 

ZT^^^I     "3x7  1x7  7 

(O  )  If  a  family  of  9  people  spend  120/.  in  8  months,  how 
much  will  serve  a  family  of  2t  people  IG  months,  at  the  same 

"^  (V)  If  H  nien  can  dig  2i  yards  of  earth  in  6  days,  how  many 
men  must  there  be  to  dig  IS  yards  in  3  days?    Aus   12  men. 

U.)  If  2  men  can  do  12  ?  rods  of  ditching  in  6k  days,  how 
manv  rods  may  be  done  by  18  men  in  li  days? 

Ans.  24/  I'j  rous. 

(5.)  If  a  regiment  of  soldiers,  consisting  of  939  men,  will 
consum.'  Sol  .luarters  of  wheat  in  7  months,  how  many  will 
consume  1  KH  (piart.rs  in  5  months  at  that  rat.-." 

(6)  If  tlie  carriiige  of  .',  cwt.  S  rjrs.  for  1.50  miles  cost 
3/.  7*.  4rf.,  what  must  be  j.ui.l  for  the  carriage  ot  7  cwt. 
2  nrs.  2.5  lb.  for  64  miles,  at  the  same  rate  .•-  ».,.,- 

*  Ans.  \l.  18.*.  <rt.:\'i':.' 

(7  )   If  UO  tiles,  each  12  inches  s<|uare,  will  pave  the  floor 
of  a  certain  building,  how   many  will   the   same   place    re- 
quire, when  the  tih-s  are  10  inches  long,  and  8  inchrs  broad 
•  Alls.  9/2. 

(8  )  If  a  person  can  travel  :UX)  miles  in  10  days,  when  the 
dav  is  12  hours  long,  how  manv  .lays  will  it  take  him  to  travel 
600  miles,  when  the  day  is  16  hours  long .'        Ans.  Id  days. 
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(9.)  If  a  barrel  of  beer  be  sufficient  to  last  a  family  of  7  per- 
sons 12  days,  how  many  barrels  will  be  drunk  out  by  a  family 
of  14  persons  in  a  year  ?  Ans.  60|. 

(10.)  If  the  expense  of  6  labourers  for  21  weeks  come  to 
120/.,  what  will  be  the  expense  of  14  labourers  for  46  weeks, 
at  the  same  rate  ?  Ans.  6131.  6s.  8d. 

(1 1.)  If  50  men  can  throw  up  an  entrenchment  in  10  days, 
when  the  day  is  8  hours  long,  in  what  time  will  120  men  do 
it  when  the  day  is  6  hours  long?  Ans.  5^  days. 

(12.)  If  1000  men,  besieged  in  a  town,  with  provisions  for 
28  days,  at  the  rate  of  18  oz.  a  day  per  man,  be  reinforced 
with  600  men  more,  how  many  ounces  a  day  must  each  man 
have  that  the  provisions  may  last  42  days;  this  being  the 
time  at  which  they  expect  to  be  relieved  ?      Ans.  7i  ounces. 

(13.)  If  6  tailors,  on  the  approach  of  a  general  mourning, 
can  make  ten  suits  of  clothes  in  4  days,  how  many  suits  can 
20  men  make  in  7  days,  under  the  same  circumstances  ? 

Ans.  58^  suits. 

(14.)  If  an  iron  bar,  5  feet  long,  2^  inches  broad,  and  1^ 
inch  thick,  weigh  45  lbs.,  how  much  will  a  bar  of  the  same 
metal  weigh,  that  is  7  feet  long,  3  inches  broad,  and  2^ 
inches  thick  ?  A?is.  97^  lbs. 

(15.)  If  248  men,  in  5  days,  of  11  hours  each,  can  dig  a 
trench  230  yards  long,  3  wide,  and  2  deep,  in  how  many  days, 
of  9  hours  long,  will  24  men  dig  a  trench  of  420  yards  long, 
5  wide,  and  3  deep  ?  Ans.  288  days,  2  hrs.^^i. 


Practice  is  a  compendious  method  of  Avorking  questions 
in  the  Rule  of  Three,  when  the  first  term  is  a  unit  or  one ; 
and  is  generally  used  among  merchants  and  tradesmen,  on 
account  of  its  being  the  most  easy  and  expeditious  way  of 
finding  the  value  of  any  quantity  of  goods,  or  other  commo- 
dities, from  the  known  price  of  one  of  the  articles. 

The  rule  is  commonly  divided  into  several  cases,  in  the 
treating  of  which  it  is  to  be  observed,  that  an  aliquot  part  of 
any  number  is  such  a  part  as,  being  taken  a  certain  number 
of  times,  will  exactly  make  that  number ;  thus,  -}  is  an  aliquot 
part  of  1,  for  being  taken  4  times,  or  being  multiplied  by  4, 
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it  produces  1  ;   and  2  is  an  aliquot  part  of  6,  since,   when 
t  ik.  II  :\  times,  it  makes  6,  &c. 

A  TAIJLE  OF  ALIQUOT  PARTS, 


Parts  of  a  ShilliriJ^. 


6(1. 

W. 

3<L 

'Id. 

1  If/. 

\'d. 

hi. 

\d. 


k 


A  Half 
A  Third 
A  Fourth 
A  Sixth 
An  Kifihth 
A  Twrlfth 
of  a  Penny 
of  ditto 


Parts  of  a  Pound. 

lOs.             is  \ 

Gs.  Hd. I 

3s.  w. •;  ^ 

'2s.  Gd. I 

u.sd. . . . .: ^^ 


Pts.  of  a  Cwt. 


2  Qrs. 

1  Qr. 

14  II).  . 

7  1b.  . 


i 


Pts.  of  Qr.  of  a  Cwt 

li  lb.        is       ^ 

7  lb I 

4  lb i 

3^  lb.    .  .  .  i 


Pts  of  a  lb. 


8  oz. 
4  oz. 
2oz. 
1  oz. 


CASE  I.* 

When  the  price  is  less  than  a  penny. 


*  As  most  of  the  following  compcndiums  arc  only  particular  cases  in 
n  mun>  pi-neml  rule,  it  will  l>e  sufficient  for  their  illustration,  to  explain 
the  principles  on  which  the  rule  itself  is  founded. 

(.'rnrrttl  Hule.  1.  Suppose  the  price  of  the  j^iven  <juantity  to  be  1/.  or 
l5.  &c.  as  it  may  happen;  then  will  the  quantity  its«.'if  l>c  the  answer  at 
the  supposed  price. 

-'.  Divide  the  ;;iven  price  into  aliqtiot  parts,  either  of  the  supposed 
price,  or  of  each  other,  an<l  the  sum  of  tlie  <|uotients  bclongiii^r  to  each, 
will  he  the  true  answer  required. 


What  is  the  value  of  :rjfi  yards  of  cloth,  at  Si.  lO^rf.  per  yard  ? 
','Jti  Ant.  at  W. 


■\,L 

•-  i 

S7 

13     4 

■\d. 

»  l^ 

s 

1.^      4 

•.'</. 

i.s   ^ 

4 

7      H 

; 

is  1 

o 

10   l|i 

Hie  full  price  i.  101      7     .11 


ditto  at  O  3  4 

ditto  at  O  O  4 

ditto  at  O  O  2 

ditto  at  O  O  0| 


ditto  at  O     ^   \0\ 


the  above  example,  it  is  plain,  that  the  quantity  S'JG  Is  the  answer 
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RULE. 

(1.)  Divide  the  given  number  by  the  aliquot  parts  of  a 
pennjs  and  then  by  12  and  by  20,  and  it  will  give  the  answer 
required. 

EXAMPLES. 

4506  at  f 


4  is  I     2253 
iisi     1126i 


12)3379^ 


£U  Is.  Ihd. 


(2.)  3456  at  \d.  Ans.  Si.  12s. 

(3.)     347  at  M  Ans.  Us.  5^d. 

(4.)     846  at  ^d.  Ans.  21.  I2s.  lOM 

(5.)     810  at  ^d.  Ans.  21.  10s.  l^d. 

CASE    II. 

When  the  price  is  an  aliquot  part  of  a  shilling. 

RULE. 

Divide  the  given  number  by  the  aliquot  part,  and  the  quo- 
tient will  be  the  answer  in  shillings,  which  reduce  into  pounds 
as  before. 


at  IZ.  :  consequently,  as  3s.  Ad.  is  the  ^  of  a  pound,  J  part  of  that  quantity, 
or  87Z.  13s.  4d.,  is  the  price  at  3s.  4cf.  In  like  manner,  as  4rf.  is  the 
-^  part  of  3s.  4d.  so  -^^  of  87/.  13s.  4c/.  or  8/.  15s.  4d.  is  the  answer  at  Ad. 
iVnd  by  reasoning  in  this  manner  41.  Is.  8d.  will  appear  to  be  the  price 
at  2d.  and  10s.  11^.  the  price  at  \d.  Hence,  as  the  smn  of  all  these 
parts  is  equal  to  the  whole  price  (3s.  10^.),  so  the  sum  of  the  answers 
belonging  to  each  price  will  be  the  answer  at  the  full  price  required. 
And  the  same  will  be  true  of  any  example  whatever. 
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KXAMPLES. 

(1.)  'Ml.  is  i     1728  at  3</. 


2,0)*3,2 
^21  \2s.  the  answer. 


(2.)     437  at  U.  Ans.  \l.  Kkv.  5(1. 

(3.)     352  at  1  \d.  Ans.  21.  \s. 

(4-.)  5275  at  2(1.  Ans.  VM.  195.  2fL 

h.)  1776  at  5d.  Ans.  2'2L  \s. 

(6.)  6771  at  \fl.  An.«.  112/.  17*. 

(7.)     899  at  M.  Ans.  22/.  9*.  6^. 

CASE    III. 

\\'lien  the  price  is  pence  and  farthings,  which  are  no  ali- 
|Mut  parts  of  a  shilling. 

RULE. 

Find  what  aliquot  part  of  a  shilling  is  nearest  to  the  given 
pricf,  and  divide  the  proposed  iiundirr  hy  it. 

Tiicn  con.-^idtT  what  part  the  nmaindrr  is  of  this  aliquot 
part,  and  dividt-  the  former  (juotient  by  it ;  and  so  on  for  the 
iHXt ;  thin  tlue  several  (|Uoti«'nts,  adtlcd  together,  will  be  the 
mswer  in  siiiliings,  which  reduce  into  pounds  as  before. 

EXAMPLES. 

(1.)  876  at  S\d, 

6d.  is  4  +38 
2H.  is  i  146 
^d.  is   i     3()  -  Gd. 


2,())(J2,0  -  Gd. 


.£.'}  1   (),v.  (id.  the  answer. 


(2.)     372  at  X^d.  Ans.  21.  lis.  3(/. 

(3.)     325  at  2V/.  Ans.  M.  7s.  S\d. 

(4.)     827  at  i\d.  Ans.  15/.  10*.'  1  \(f. 
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(5.)  2700  at    7^d.  Am.  81/.  Us.  Sd. 

(6.)  2150  at    9id.  Ans.  87/.  6s.  lO^d. 

(7.)  1720  at  ll}d.  Ajis.  82/.  8s.  4rf." 

CASE    IV. 

When  the  price  is  any  number  of  shillings  under  20. 


1.  If  the  price  be  an  even  number,  multiply  the  given 
number  by  half  of  it,  doubling  the  first  figure  to  the  right 
hand  for  shillings,  and  the  rest  are  pounds. 

2.  When  it  is  an  odd  number,  find  for  the  greatest  even 
number  as  before,  to  which  add  -^-^  of  the  given  number  for 
the  odd  shilling,  and  the  sum  will  be  the  answer. 


(2.) 
Is.  is 

2757  at 

2643  at 

3271  at 

872  at 

372  at 

5271  at 

3142  at 

264  at 

EXAMPLES. 

243  at  4s. 
2 

^icer. 

swer. 

137/. 

264/. 

817/. 

348/. 

204/. 
3689/. 
2670/. 

250/. 

^48  12s,  the  an. 

oQQ  at  7s. 
3 

169  -  16 

.  ^V    28  -     6 

^198  -  2s.  the  an 

(3.) 

Si 

(6.) 
(7.) 
(8.) 
(9.) 
(10.) 

Is.                     Atu. 

2s.                     Ans. 

5s.                    Ans. 

8s.                     Afis. 
lis.                     A?is. 
1 4s.                     Atis. 
1 7s.                     Ans. 
19s.                     A?is. 

17s. 
6s. 
15s. 
16s. 
12s. 
14s. 
14s. 
16s 
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CASE  V. 

WIlou  thf  jiriro  is  any  minibor  of  shillings  and  jiencu. 

KtLK. 

It'  tlie  price  hr  an  ali(|Uot  part  of  a  pound,  divide  the  given 
juantity  by  that  part,  and  the  quotient  will  be  the  answer  in 
rounds. 

Hut  if  it  be  not  an  exact  aliquot  i>art,  find  first  for  the 
ihiliings,  and  then  take  parts  for  the  pence. 

EXAMPLES. 

(1.)         Xt.  Ul.  is  }■  329  at  3s.  W. 


^i.!y\-  1  n.«.  H(l.  the  answer. 


(2.) 


Tf>5  at  3s.  9(f. 

5s.  is  \ 
6(i.  is  v., 
3d.  is  J, 

'  191       5 

19       2       6 
,      9     11       3 

£2VJ     IBs.    9d.  the  answer. 


(3.)71.JOat  l.v.  S//.  //«.-..  .595/.  1  G.«.  8*/. 

(4.)  271.5  at  2*.  6^.  /l/w.  339/.    Is.Qd. 

(.5.)  3 150  at  3*.  \d.  Ans,  5251.    Os.Od. 

(6.)  2710  at  6*.  8J.  Am.mM.    6s.  Sd. 

(7.)  7211  at  \s.  3d.  Alls.  +50/.  13.v.  9d. 

(8.)  2701  at  3s.  2d.  Ans.  V27L  \3s. '2fl. 

(9.)  f)69  at  19*.  1  Iff.  Ans.  ^i^\l.  \9s.  3d. 

CASE  VI. 

When  tlie  juic.   i>  shillings,  pence,  and  farthings. 

KLLE. 

Divi«le  the  price  into  the  ali(|uot  parts  of  a  jmund,  or  of 
each  other,  and  tlie  sum  of  the  quotients  belonging  to  each 
aliquot  part,  will  be  the  answer  required. 
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(1.) 

5s.  is 

6d.  is  -jJfj 
2rf.  is  -i- 
JL</.  is  i 


PRACTICE. 

EXAMPLES. 

244  at  55. 

Ud. 

61 

6       2 

2       0 

8 

0     10 

2 

nswer. 

?69     12^. 

10</.  ^/<e  « 

4|^. 

^«5. 

61/. 

Is. 

4-H. 

5irf. 

Ans. 

1301/. 

Os. 

6d. 

4ic?. 

Ans. 

1741/. 

Ss. 

IM 

7ld. 

Ans. 

1752/. 

35. 

Qd. 

lO^d. 

Ans. 

1352/. 

105. 

1U. 

2ld- 

Ans. 

2602/. 

145. 

"id. 

6\d. 

Ans. 

419/. 

135. 

u^. 

CASE 

VII. 

(2.)  875  at    l5. 

(3.)  7524  at    35. 

(4.)  3715  at    95. 

(5.)  2572  at  135. 

(6.)  1603  at  165. 

(7.)  2710  at  195. 

(8.)  430  at  195. 


When  the  price  is  pounds  and  shillings,  or  pounds,  shil- 
lings, pence,  and  farthings. 

RULE. 

Multiply  the  quantity  proposed  by  the  number  of  pounds, 
and  work  for  the  rest  by  some  of  the  former  rules ;  then 
these  sums  added  together  -svill  give  the  answer  required. 


EXAMPLES. 

(1 

.) 

428  at  3/.  45.  6^d. 

3 

1284 

45. 

IS 

!_ 

85 

12 

Gd. 

is 

i 

10 

14 

id. 

is 

1 

T2 

— 

17 

10 

d 

?1381 

35. 

10^.  the 

answer. 

PRACTICE. 


(2.)  137  at    1/.  IT.v.    6\d. 

h.)  9t7  at    U.  1 5s.  \OUr 

(4.)  io7  at  11/.  17.?.    9>/. 

(.5.)  713  at  19/.  19*.  ll'id. 


A /IS.  2.)7/.    0.S-.  +//. 

Alls.  4.33S/.  13.V.  low. 

Ahs.  (i8(H/.  10.?.  9W. 

A/IS.  14259/.    5s.  lid. 


CASK   VIII. 


When  tlio  (|uantity  of  whicli  the  price   is   rci|uiro(l   is  a 
rtholo  number,  with  parts  annexed. 


RULE. 


Work  for  tlie  whole  number  according  to  the  former  rules, 
to  which  add  \,  h  or  any  other  part  of  the  price,  that  the 
(jucstion  requires,  for  the  answer. 


EXAMPLES. 

1.) 

234-: 

at  58.  Sd. 

.5*.  is  i 

58 

10 

6d.  is  -jij 

5 

17 

2d.  is   \ 

1 

19 

for  i 

0 

'J     10 

for   i 

0 

1       5 

si 

?66 

10*.     3^/.  the  answer 

(2.)  27.3^  at  0/.    2*.  «k/. 
3.)  937  V  at  3/.  17*.  Sd. 


13S>;  at  1/.  19*.  4rf. 
:).)  371}  at  4/.  1.3.v.  7</. 
6.)  2h4\  at  21.  lO.t.  6r/. 


Alls.  34/.  3.«. 
^H.v.  3fi40/.  12*. 
A  US.  274/.  Ifw. 
^«*.  1739/.  9*. 
Ans.    7 1 H/.    7*. 


n</. 

lOf/. 

V|'/. 
3f/. 


CASE  IX. 


When  the  (juantity  of  which  the  value   is   required  is  of 
several  denominations. 


RULE. 


Multiply  the  given  price  by  the  highest  denomination,  n<» 
in  compound  multiplication  ;  and  takt-  the  proper  parts  of  the 
price  for  the  lower  denominations,  as  in  the  former  rules. 
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PRACTICE. 
EXAMPLES. 


(!•) 


8  cwt.  2  qr. 
2/. 

16  lb.  at  11.  5s.  6d. 
5s.  6d. 

8 

18 
2  qr.  is  J.      1 
4-  lb.  is  -1       0 
2  lb.  is  1      0 

4 
2 
5 
0 

0 
9 

9| 

^19 

13*. 

3c?.  iAe  answer 

(2.)  37  cwt.  2  qrs.  14  lb.  at  "Jl.  10s.  9(7.  per  cwt. 

J/is.  283/.  11*.  lUrf. 
(3.)  17  cwt.  1  qr.  12  lb.  at  \l.  19*.  8d  per  cwt. 

Ans.  34/.  8*.  Gd. 
(4.)  23  cwt.  3  qrs.  8  lb.  at  2>l.  19*.  lie?,  per  cwt. 

Ans.  951.  3*.  8|c?. 
(5.)  39  cwt.  0  qr.  10  lb.  at  \L  17*.  lOd.  per  cwt. 

Ans.  731.  18*.  10|rf. 

PROMISCUOUS  QUESTIONS. 

(1.)  73  cwt.  1  qr.  of  sugar,  at  51.  15s.  Id.  per  cwt.? 

(2.)  17  tons,  2  cwt.  3  qrs.  12  lb.  at  9/.  per  ton? 

(3.)  3  qrs.  12|  lb.  at  2/.  16*.  10c?.  per  cwt.? 

(4.)  9  tods,  1  stone  of  wool,  at  3/.  10*.  6f/.  per  tod  ? 

(5.)  125  yards,  3  qrs.  of  cloth,  at  19*.  8^  per  yard  ? 

(6.)  713  acres,  3  roods,  39  pis.  at  3/.  17*.  6f?.  per  acre  ? 

(7.)  24  gals.  3  qts.  of  oil,  at  7*.  4^c?.  per  gallon  ? 

(8.)  57  hhds.  41  gals,  of  ale,  at  3/1  10*.  Qd.  per  hhd.  ? 

(9.)  43  qrs.  5  bu.  of  wheat,  at  3/.  8*.  Qd.  per  quarter? 
(10.)  14  gallons  of  brandy,  at  22*.  6f/.  per  gallon  ? 
(11.)  2  cwt.  2  qrs.  9  lb.  of  tea,  at  7*.  Gd.  per  lb.  ? 
(12.)  7  cwt.  1  qr.  13  lb.  of  cheese,  at  4/.  17*.  Gd.  per  cwt.  ? 
(13.)  What  is  the  hire  of  a  house  for  9  months  and  11  days, 
at  12/.  10*.  per  month? 
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(Tnif  anil  iTrrt. 

Tare  and  Thet  an'  ])raf'tiral  rules  tor  dcdiictinu;  certain 
allowanrcs,  which  art-  made  by  imrchaiit,-;  and  tradisnicn  in 
srllini;  tlicir  poods  hy  wiij^ht. 

(iRoss  WEUiiir  is  tho  uholp  weight  of  the  goods,  together 
with  the  box.  I)arrel,  ban,  <-'v:c.  that  contains  tliem. 

Tare  is  an  aMowance  made  to  the  buyer  for  the  weight  of 
the  i>ox,  barrel,  bag,  (."vc.,  whicli  c«)ntains  tlie  goods  bought; 
and  is  citlier  at  so  much  per  box,  S:c.,  or  at  so  much  per  cwt., 
or  at  so  much  in  the  whoh-. 

Tret  is  an  allowance  of  •}•  H).  in  every  lOi  lb.  or  ^',y  part 
of  the  wlj«)le,  for  waste,  (Uist,  &c. 

Ci.oFK  is  an  allowance,  after  tare  and  tret  are  deducted,  of 
2  lb.  upon  every  3  cwt.  that  the  weight  may  hold  good  when 
sold  by  retail. 

SuTTi.E  is  when  the  allowance  of  tare  only  is  deducted 
fri>in  the  gross  weight,  the  remainder  being  then  called  Tare 
Suttle. 

Neat  Weight  is  what  remains  after  all  allowances  are 
made.* 

I-  \   I   1. 

W'liiii  thr  tail'  I-;  at  so  much  for  tin'  w  iiolc. 
Rl  I.E. 

Sul)traet  the  tare  from  the  gross  weight,  and  the  remainder 
will  be  the  neat  weight  re<iuired. 

EXAMPLES. 

(1.)  What  is  the  neat  weight  of  :5S  barrels  of  raisins, 
weighing  I'S.i  cwt.  2  (jrs.  9  lb.  allowing  IJ  cwt.  1  qr.  17  lb. 
for  tare  ? 

ewt.    qn.     III. 

133     2       9 

3     1      17 


1 :50     0     '20  t/w  answer. 


It  may  here  lie  oh^crved,  that  M?vcnil  sorts  of  ;»oo<k  hare  their  Tares 
ascciiaincd,  in  a  Table  nniiewd  to  the  Book  of  Halts. 
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(2.)  What  is  the  neat  weight  of  24  barrels  of  figs,  weigh-- 
ing  45  cwt.  1  qr.  17  lb.,  allowing  2  cvvt.  1  qr.  18  lb.  for  tare? 

A71S.  42  cwt.  3  qrs.  27  lb. 

(3.)  What  is  the  neat  weight  of  45  hhds.  of  tobacco,  each 
weighing  4  cwt.  3  qrs.  19  lb.  tare  being  allowed  upon  the 
whole  at  3  cwt.  2  qrs.  ?  Ans.  217  cwt.  3  qrs.  15  lb. 

CASE  II. 

When  the  tare  is  at  so  much  per  box,  barrel,  bag,  &c. 

RULE.* 

Multiply  the  number  of  boxes,  barrels,  &c.  bj"^  the  tare ; 
then  subtract  the  product  from  the  gross,  and  the  remainder 
will  be  the  neat  weight  required. 

EXAMPLES. 

(1.)  What  is  the  neat  weight  of  7  frails  of  raisins,  each 
weighing  5  cwt.  2  qrs.  5  lb.  gross,  tare  23  lb.  per  frail  ? 

23  X  7=1  cwt.  1  qr.  21  lb.  tare. 

23 

7    . 


cict, 

5 

qrs. 

2 

lb. 

5 

7 

38 
1 

3 
1 

7  gross. 
21  tare. 

37 

1 

14^  the  answer 

28)  161  (5 
140  — 

1  cwt.  1  qr. 

21 


(2.)  What  is  the  neat  weight  of  241  barrels  of  figs,  each 
weighings  qrs.  19  lb.  gross,  tare  10  lb.  per  barrel? 

A?is.  22413  lb. 
(3.)  What  is  the  neat  weight  of  14  hhds,  of  tobacco,  each 
weighing  5  cwt.  2  qrs.  17  lb.  gross,  tare  100  lb.  per  hhd.  ? 

Atis.  66  cwt.  2  qrs.  14  lb. 


*  It  is  manifest  that  this,  as  well  as  every  other  case  in  the  rule,  is 
only  an  application  of  the  rules  of  proportion  and  practice ;  which  have 
been  already  sufficiently  explained ;  and  therefore  any  farther  illustration 
of  the  method  of  proceeding  is  unnecessary. 


TARE    AND    TKKT.  79 

(+.)  What  is  the  neat  wi-ijiht  of  17  1  tags  of  cotton  yam, 
each  wtighiiig  2  cwL  3  qrs.  -t  lb.  gross,  tan*  9  lb.  pt-r  bag  ? 

A/IS.  15  cwt-  3  (jrs.  'J7  lb. 

CASE    HI. 

When  the  tare  is  at  so  much  per  cwt. 

RULE. 

Diviilo  thf  gross  weight  by  tlio  ali(|Uot  parts  of  a  cwt., 
tht-n  subtract  tlic  sum  of  tl)e  ijuotitnLs  from  tiic  gross,  and 
the  remainder  will  be  the  neat  weight  required. 

EXAMPLES. 

(1.)  Gross  173  cwt  3  qrs.  J  7  lb.,  tare  16  lb.  per  cwt, :  how 
much  neat  ? 

cict.     qrt.      lb. 

173     3     17  gross. 
16  lb.  is  i    21-     3     10 


Cwt.  149     0       7  t/te  anstcer. 


(2.)  What  is  the  neat  weight  of  7  barrels  of  potash,  each 
weighing  201  lb.  gross,  tare  being  at  10  lb.  p<'r  cwt.  ? 

Ans.  IJSl  lb.  6  oz. 
(!J.)  Wliat  is  the  neat  weight  of  2.5  barrels  of  figs,  each 
Weighing  2  ewt.  1  qr.  gross,  tare  IG  lb.  per  cwt.  ? 

Ans.  +S  ewU  0  (|r.  2t  lb. 

(i.)  What  is  the  value  of  the  neat  weight  of  13  hhds,  of 

sugar,  at  If.  13.v.  (ul.  per  cwt,,  each  weighing  4-  cwU  3  (|rs. 

17  lb.  LMfw-i,  u\T>'  13  lb.  per  cwt.?  Ans.2&il.  6s.  lyl. 

CASE  IV. 

When  an  allowance  is  to  be  made  both  for  tare  and  tret. 

RULE. 

Find  for  the  tare,  and  subtract  it  from  the  gross  weight, 
by  the  foregoing  rules  ;  then  the  remainder,  or  suttle,  divided 
by  2(>,  w  ill  give  the  tret ;  which  being  subtracted  from  the 
suttle,  leaves  the  neat  weight  required. 
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The  reason  for  dividing  by  26  is,  because  4  lb.  is  -^  of 
104  lb. 

EXAMPLES. 

(1.)  What  is  the  neat  M'eight  of  9  cwt.  2  qr.  17  lb.  gross, 
tare  37  lb.,  and  tret  as  usual  ? 

cwt.    qr.       lb. 

9     2     17  gross. 
37  lb.  =  01       9  tare. 


26)9     1       8  suttle. 
0     1      12  tret. 


8     3     24  the  anstver. 


(2.)  What  is  the  neat  weight  of  152  cwt.  1  qr.  3  lb.  gross, 
tare  10  lb.  per  cwt.,  and  tret  as  usual  ? 

Ans.  133  cwt.  1  qr.  10  lb.  15  oz. 

(3.)  What  is  the  neat  weight  of  7  casks  of  prunes,  each 
weigliing  3  cwt.  1  qr.  5  lb.  gross,  tare  17^  lb.  per  cwt.,  and 
tret  as  usual?  Ans.  18  cwt.  2  qr.  23  lb.  10  oz. 

(4.)  What  is  the  neat  weight  of  3  hhd.  of  sugar,  weighing 
as  follows  :  the  1st,  4  cwt.  0  (p-.  5  ib.  gross,  tare  73  lb. ;  the 
2d,  3  cwt.  2  qr.  gross,  tare  56  lb. ;  and  the  3d,  2  cwt.  3  qr. 
17  lb.  gross,  tare  47  lb.,  allowing  tret  for  each  as  usual  ? 

A71S.  8  cwt.  2  qr.  4  lb. 

CASE  V. 

When  tare,  tret,  and  cloff,  are  all  allowed. 

RULE. 

Deduct  tlie  tare  and  tret  as  before  :  then  divide  the  remain- 
der, or  suttle,  by  168,  and  the  quotient  will  be  the  cloff'; 
which  being  subtracted  from  the  suttle,  leaves  the  neat  weight. 

The  reason  for  dividing  by  168  is,  that  168  is  the  ^  of  3 
cwt.,  or  of  112x3  =  336  lbs. 

EXAMPLES. 

(1.)  What  is  the  neat  weight  of  a  hhd.  of  tobacco,  weighing 
1 5  cwt.  3  qr.  20  lb.  gross,  tare  7  lb.  per  cwt.,  and  tret  and 
clofi'  as  usual  ? 


t 
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ewt.  qr.      Ih 

15  3     20  gross. 

7  lb.  is  tV  0  3     27  tare. 

26)1  i  '^     21 

0  2       S  tret. 


16S)U      1      l.Ssuttle. 
0     0       9  doff". 


1+      1         V  thv  ansiccr. 


(2.)  What  is  tlu'  neat  weight  of  19  barrels  of  molasses, 
each  containing  13  ewt.  1  qr.  17  lb.  gross,  tare  13  lb.  per 
cwt.,  and  trot  and  cloff  as  usual :  and  what  is  the  value  at 
5\d.  i)er  lb.  ?  Atis.  2K)9.5  lb.,  and  value  577/.  5s.  6\d. 

(3.)  29  parcels,  eacli  weighing  3  cwt.  0  qr.  li  lb.  gross ; 
what  is  the  value  of  the  neat  weight  at  1/.  1 1.f.  (yd.  per  cwt., 
allowing  8  lb.  per  cwt.  for  tare,  and  tret  and  cloH'  as  usual  ? 

Alts.  Vmi.  \[U.  7 "id. 

(t. )  What  is  the  value  of  th(<  neat  weight  of  5  hhd.  of 
tobacco,  each  weighing  5  cwt.  2  qr.  25  II).  gross,  at  8/.  12.v. 
W.  per  cwt.,  allowing  s  lb.  \K-r  cwt.  for  tare,  tret  as  usual, 
and  cloft'  2  lb.  per  hlid. .-  Ans.  219/.  1 1*.  9yl. 

^ills  of  ^Jarrrlg. 

.\  HOSIKH-S  Bu.i,. 
(].)         Mr.  Thomas  Williams 

Bought  of  Richard  Simpson,  Jan.  4'.  1843. 
s.     d. 
8  Pairs  of  worsted  stockings,     at     4-     G  per  pr. 
.5  Pairs  of  thread  ditto,  at     3     2 

3  Pairs  of  black  silk  ditto,         at  14-     0 
G  Paii-s  of  black  worsteil  ditto,  at     4     2 

4  Pairs  of  tine  cotton  ditto,        at     7     G 

2  Yards  of  flannel,  at      1      S  per  yd. 

6  Yards  of  tieecy  hosier)-,  at     2  10 


^  S     9     2 


I  5 
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A  Mercer's  Bill. 


(2.)         Mr.  William  George 

Bought  of  Peter  Thomson,  July  13.  1843. 

s.     d. 

15  Yards  of  satin, 

at     9     6  per  yd. 

18  Yards  of  velvet. 

at  17     4 

12  Yards  of  brocade, 

at  19     8 

16  Yards  of  sarcenet, 

at     3     2 

13  Yards  of  velvet. 

at  27     6 

23  Yards  of  lustring, 

at     6     3 

30  Yards  of  plush. 

at     8     0 

5^^  74     2     5 

A  Linex-draper's  Bill. 


(3.)         Mr.  Henry  Morris 

Bought  of  Caleb  Windsor,  March  S 

1843. 

s. 

d. 

40    Ells  of  dowlas, 

at     1 

6  per  ell. 

34    Ells  of  diaper, 

at     1 

H 

31     Ells  of  Holland, 

at     5 

8 

39    Yards  of  cloth, 

at     2 

4  per  yd. 

17-5^  Yards  of  muslin, 

at     7 

01 

*-2 

13f  Yards  of  cambric, 

at  10 

6 

27    Yards  of  printed  linen, 

at     2 

5 

43    Yards  oi'  Welsh  flannel. 

at     2 

2 

27    Yards  of  cotton. 

at     2 

4 

50    Yards  of  tape. 

at     0 

2+ 

£  43 

15  9k 
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A  Millinek's  Bill. 


:+o 

1         Mrs.  Matthewson 

Bought 

of  Simon 

Pel 

rcy,  June  18.  184-3. 

L 

.v. 

(L 

15 

Yards  nf  Drt'sdfii  lace, 

at  0 

13 

3^  per  yd. 

[8 

Yards  of  fiiu'  laco, 

at  0 

12 

3 

5 

Pairs  of  kid  gloves. 

at  0 

2 

2  per  pr. 

12 

Opera  fans. 

at  0 

3 

6  each. 

2 

Patent  laced  cloaks, 

at  3 

3 

0 

4 

Dozen  pairsof  thread  glo' 

ves 

,  at  0 

1 

3  per  pr. 

6 

Yards  of  Persian, 

at  0 

2 

6  per  yd. 

12 

Yards  of  ribbon. 

at  0 

0 

8JL 

21 

Yards  of  edging. 

at  0 

1 

6' 

36  J^ 

Yards  of  gauze. 

at  0 

2 

2 

^^35)   12     9h 

A  Woollex-drai'Ek's  Bill. 


(5.)         .Mr.  John  Pago 

Bought 

of  Jacob  Goodson,  May  1. 

18+3. 

/.       .V. 

ff. 

17  Yards  of  fine  serge, 

at  0     3 

[)  per  yd. 

IS  Yards  of  liruggeL, 

at  0     9 

0 

1.5  Yards  of  supt-rfine  clotii, 

at  1      2 

0 

l()  Yarils  of  black  elotli, 

at  0  IS 

0 

25  Yards  of  shalloon. 

at  0     1 

9 

17  Yanis  of  drab, 

at  0   17 

6 

20  Yards  t.f  ladies'  cloth. 

at  0  UJ 

3 

5  Yards  of  kerseymere, 

at  0  17 

0 

£79  \5     O 
E  6 
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A  Grocer's  Bill. 


(6.)         Mr.  Nathaniel  Parsons 

Bought  of  William  Smith,  Aug.  6.  1843. 

s. 

d. 

2i^  lbs.  of  fine  green  tea, 

at  18 

6  per  lb. 

24^  lbs.  of  imperial  tea, 

at  24 

0 

35|  lbs.  of  best  hyson. 

at  13 

10 

17    lbs.  of  coffee, 

at     5 

4 

25    lbs.  of  best  loaf  sugar, 

at     1 

u 

137    lbs.  of  soft  sugar, 

at.  0 

n 

12    cakes  of  chocolate, 

at     5 

6  per  cake. 

20    lbs.  of  raisins, 

at     1 

2  per  lb. 

15^  lbs.  of  cocoa, 

at     3 

4 

^^93  15     2i 

A  Wine-merchant's  Bill. 

(7.)         iNlr.  Thomas  Greville 

Bought  of  John  Simes,  April  3.  1843. 

s.  d. 

12i  Dozens  of  Port,  at    4  6  per  bottle, 

si  Dozens  of  Lisbon,        at    4  3 

2    Dozens  of  Claret,         at    8  6 

4^^  Dozens  of  Sherry,        at    5  6 

ll  Dozens  of  Burgundy,  at  10  6 

6    Dozens  of  Vidonia,      at    4  6 

9    Dozens  of  Bucellas,     at    3  8 

8    Gallons  of  brandy,       at  22  6  per  gall. 

5    Gallons  of  rum,  at  17  6 

4    Gallons  of  Hollands,  at  21  6 

£  130  17     0 
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A  Ciieksemonger's  Bill. 
(8.)  Mr.  Kdward  Patteson 

Bought  of  Stephen  Cross,  Sept  1.  184'3. 

s.    ({. 

s  lbs.  yf  Cambridge  butter,  at  0  10  per  lb. 

17  lbs.  of  new  cheese,  at  1     0 

^  Firkin  of  butter,  wL  28  lbs.  at  0     9^ 

()  Clu'sliirc  eheeses,  wt.  127  lbs.  at  0  11 

2  Warwickshire  ditto,  wt.  15  lbs.  at  0     9 

2  lbs.  of  cream  cheese,  at  1      6 

12  ll>s.  of  Stilton  cheese,  at  1     8 


^9  16     a 


QJuIgar  jfrartiouG^ 

A  Fraction  is  any  part  or  parts  of  a  unit  or  of  something 
considered  as  a  whole  ;  and  is  rej)reseiiti'd  by  two  numbers, 
placed  one  above  the  other,  with  a  line  ilrawn  between  them  ; 
as  \,  ^,  J,  &c. 

The  number  below  the  line  is  called  the  denominator,  anti 
shows  how  many  eijual  parts  the  integer  or  whole  is  divided 
into.  And  the  number  above  the  line  is  the  numerator,  which 
.nhows  how  many  of  those  parts  arc  expressed  by  the  frac- 
tion. 

Thus,  '\  denotes  that  some  whole  (juantity.  considered  as  a 
uiiit,  is  divided  into  3  equal  parts,  and  that  the  fraction  ex- 
presses 2  of  those  ])arts. 

Fractions  are  either  proper,  improper,  simple,  compound, 
mixed,  or  complex. 

J .  A  proper  fraction  is  when  the  numerator  is  Icsjj  than 
the  denominator  ;  as,   \,  *,  4,  &c. 

2.  .\n  i/ii/>roptr  fraction  is  when  the  numerator  is  equal 
to,  or  greati-r  than,  the  denominator;  a-s,  ;;,  '),   i  ',",  &c. 

;?.  A  simple  traction  is  that  which  is  expressed  singly,  or 
without  any  reference  to  others,  a.s  U,  i.y,  \-c. 

4.  \  conipotmd  fraction  is  the  fractioa  of  a  fraction,  as  \ 
of  '],  of  ),  of  I,  lie 


1 

7 

3^ 

24 

or  — , 

or  -^, 

or  ^ 

5' 

yi 

13 

7i 
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5.  A  mixed  number  is  that  which  is  composed  of  a  whole 
number  and  a  fraction,  as  8i,  l^-j^,  &c. 

6.  A  complex  fraction  is  that  which  has  a  fraction,   or 
a   mixed    number,   in   either,    or   both,    of  its   terms ;    as 

&c. 

Note.  Any  whole  number,  as  5,  may  be  expressed  like  a 
fraction,  by  writing  1  under  it  as  a  denominator,  thus  ^. 


REDUCTION  OF  VULGAR  FRACTIONS. 

Reduction  of  Vulgar  Fractions  is  the  method  of 
changing  them  from  one  form,  or  denomination,  to  another, 
in  order  to  prepare  them  for  the  operations  of  addition,  sub- 
traction, &c. 

CASE  I. 

To  abbreviate  or  reduce  fractions  to  their  lowest  terms. 

RULE.* 

Divide  the  terms  of  the  given  fraction  by  any  number  that 
will  divide  each  of  them  without  a  remainder,  and  these  quo- 


*  It  is  evident  that  dividing  both  the  terms  of  the  fraction,  equally  by 
any  number,  will  give  another  fraction  equal  to  the  former  :  and  if  these 
divisions  be  performed  as  often  as  can  be  done,  or  the  greatest  common 
divisor  be  found  by  the  second  part  of  the  rule,  the  terms  of  the  resulting 
fraction  must  be  the  least  possible. 

Sote.  When  both  the  terms  of  any  given  fraction  end  with  an  even 
number,  they  can  each  be  divided  by  2  ;  and  if  one  of  them  ends  with  a 
5,  and  the  other  with  a  0,  or  both  of  them  with  a  5,  they  can  each  be 
divided  by  5. 

Also,  when  the  numerator  and  denominator  of  any  fraction  both  end 
with  O's,  an  equal  number  of  them  may  be  left  out  of  each,  without  alter- 
ing the  result.     Thus  |^  =  | ;  and  fiojj=-fV 

Which  simple  rules  it  will  be  necessary  for  the  learner  to  keep  in  his 
memory,  as  they  greatly  facilitate  the  reduction  required. 

And  in  cases  where  a  division  of  this  kind  cannot  be  used,  the  number 
proper  for  that  purpose  must  be  found  by  trial,  or  by  having  recourse 
either  to  the  second  part  of  the  above  rule,  or  to  some  of  the  theorems 
respecting  the  properties  of  numbers,  given  at  the  end  of  the  present 
work. 
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tiints  again  in  the  same  manner;  and  so  on,  till  it  appears  that 
there  is  no  nnn>l)tr  greattr  than  1,  which  will  divitle  tiuin  ; 
and  the  resulting  fraction  will  be  in  its  lowest  terms. 

Or, 

Divide  the  greater  term  of  the  fraction  by  the  less,  and  this 
divisor  l)y  the  remainder  ;  and  so  on,  dividing  each  divisor  l)y 
the  last  remainder,  till  nothing  remains  ;  then  if  the  numerator 
and  denominator  of  the  given  fraction  be  each  diviiled  by  the 
number  so  found,  it  will  reduce  it  to  its  lowest  terms. 

EXAMPLES. 

(1.)  Reduce  ^  **  to  its  lowest  terms. 
(2)      C2)    (3)    (2)    (2)  divisors. 


14-+_72_ 
240     120 

"60 

"20' 

6           3             rrl 

=  —  =  .     J  he  answer. 
10     5 

Or  Mm«, 

Or  thus. 

(12)  (A)  dirifort. 
144      12     3       . 
•.'40--iO-5-   '^"'• 

144)240(1 
144 

96)144(1;  hfncc4S)\\^- 
96 

48)96(2 
96 

■  J,  «  before. 

(2.)  Ueduce 

-1*1^  to  its  lowest  terms. 

Ans.  -j\. 

(3.)  Reduce 

m 

to  its  lowest  terms. 

Ans.  \. 

It  may  here  also  be  observed,  that  when  numbers  with  the  sign  of  ad- 
dition ur  subtraction  bvtMrwn  them,  arc  to   bv  divicK-d   by  any  numlK-r, 

each  of  the  numbers  must  be  divided.      Tims '- s3'J-t-4-t-5Bll; 

but  when  they  have  the  sign  of  multiplication  l>etwcen  them,  only  one  of 

.,  .    ,       ,11       Tu      3  X  8  X    10        3  X  4  X  10        1  x  4'x  10 

them  must   fx:  ilividcil.      Thus ■■ « ™ 

2x6  1x6  1x2 

ij<juio_2o_  .,^,     ^^  .,u..1jl1jl/!?  -??-.2a 

1  X  1  I  ^      ;l»t  1 
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(4.)  Reduce  -If^  to  its  lowest  terms.  Ans.  ff. 

(5.)  Reduce  -j||  to  its  lowest  terms.  Ans.  -ft. 

(6.)  Reduce  -j|4^  to  its  lowest  terms.  Ans.  {r. 

(7.)  Reduce  y^ii-  to  its  lowest  terras.  Atis.  |-|. 

(8.)  Reduce  -}^|;*f  to  its  lowest  terms.  Ans.  -J-j. 

(9.)  Reduce  o'gVxs"  ^^  ^*^^  lowest  terms.  Ans.  ^J. 

(10.)  Reduce  4f  114  to  its  lowest  terms.  Atis.  l^. 

CASE  II. 

To  reduce  a  mixed  number  to  its  equivalent  improper 
fraction. 

RULE.*  I 

Multiply  the  whole  number  by  the  denominator  of  the  frac- 
tion, and  add  the  numerator  to  the  product ;  then  this  sum 
placed  above  the  denominator  will  form  the  fraction  required. 

EXAMPLES. 

(1.)  Reduce  27f  to  its  equivalent  improper  fraction. 

Or  this. 


^„,     27x9  +  2     245       .^.^ 

2't= 9 =-9-     ^«^-  243 


27 
9  multiply. 


2  add. 


245 

anstver. 

9 

(2.)  Reduce  19f  to  its  equivalent  improper  fraction. 

Ans.  "'■£. 
(3.)  Reduce  22i  to  an  improper  fraction.  Ans.  i^^. 

(4.)  Reduce  514-fV  to  an  improper  fraction.  Ans.  -^-tl^. 
(5.)  Reduce  lOOA^-  to  an  improper  fraction.  Ans.  ^^'tt^. 
(6.)  Reduce  47^V  to  an  improper  fraction.  Ai}s.  Y:f . 

*  All  fractions  represent  a  division  of  the  numerator  by  the  denomi- 
nator, and  may  consequently  be  taken  as  proper  and  adequate  expressions 
for  the  quotient.  Thus  the  quotient  of  2  divided  by  3  is  f;  from  which 
the  rule  is  manifest ;  for  if  any  number  be  multiplied  and  divided  by  the 
same  number,  it  is  evident  that  the  quotient  must  be  the  same  as  llie 
quantity  first  proposed. 
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CASE  III. 

To  ri'duco  an  improper  fraction  to  its  equivalent  whole  or 

niixfd  number. 

RULE.* 

Divide  tlu'  ntimerator  l)y  the  dfiioniiiiator,  and  tlie  fpintitMit 
will  l)t'  tlic  intt'm'r  or  whole  number  re(|uired  :  and  if  there  l)e 
any  remainder,  place  it  over  the  denominator,  to  the  right 
hand  of  the  former,  for  the  fi-actional  part. 

EXAMI'LES. 

(1.)  Reduce  Yd'  ^^  its  equivalent  whole  or  mixed  number. 

lfi)9.Sl(Gl  ,'•;  ansirer. 
96 


21 
16 


(2.)  Kcduce  \£  to  its  equivalent  whole  or  mixed  number. 

A  US.  7. 
(3.)  Reduce  -^^^  to  its  equivalent  whole  or  mixed  number, 

Ans.  .>6;V:;. 
{  1.)   Reduce  3^^  to  it-s  e(juivalent  whole  or  mixed  number. 

Ans.  ISS^r- 
(5.)  Reduce  ^J^  to  its  equivalent  whole  or  mixed  number. 

Afis.23ry{K,. 

(G.)  Reduce   *^ "5V4* **    ^o   '^'^    equivalent  whole    or    mixed 

number.  Ans.  1209]^f. 

C  ASK   IV. 

To  reduce  a  compound  fraction  to  an  equivalent  simple 
one. 

nui.E.t 
if  any  of  the  proj>osed  quantities  be  integers,  or  mixed  num- 
bers, reduce  theiu  to  improper  fractions,  by  Case  II.,  then  mul- 


"  TJiis  rule  is  plninly  the  reverse  of  the  former,  anil  liat  its  rouon  in 
the  nature  of  common  (iivixion. 

t  That  a  rompoiind  friction  may  Ih'  roprc^-nted  by  ;i  Mmple  one  i« 
evident,  since  a  part  of  a  part  must  be  equal  to  some  part  of  the  whole. 
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tiply  all  the  numerators  together  for  a  numerator,  and  all  the 
denominators  together  for  a  denominator ;  and  the  former  pro- 
duct placed  over  the  latter  will  be  the  simple  fraction  required. 
Note.  If  two  or  more  factors  that  are  equal  to  each  other  be 
found  both  in  the  numerator  and  denominator,  they  may  be 
struck  out  of  each,  and  when  it  can  be  done,  any  two  terms 
of  the  fraction  may  be  divided  by  the  same  number,  and  the 
quotients  used  instead  of  them. 

EXAMPLES. 

(1.)  Reduce  ^  of  f  of  ^  to  a  simple  fraction. 

2x3x8       48       4    ,, 

= — -  := — ,  the  answer. 


3x4x11     132     11 
Or  thus, 

2x3x8      2x8      2x2      4         ,   . 

= = = — ,  as  before. 

3x4x11     4x11        11        11  -^ 

Or  hj  cancelling,  that  is,  by  finding  any  number  that  will 

divide  a  number  both  in  the  numerator  and  denominator,  as 

per  note. 

2 

2xjx$      2x2      4         ,  f 

°     ^  = = — ,  as  before. 

^x^xll       11       11  -^ 

(2.)  Reduce  f  of  f  to  a  simple  fraction.  Ans.  \. 

(3.)  Reduce  4  of  4  to  a  simple  fraction.  Ans.  \%. 

(4.)  Reduce  5-  of  i  of  |^  to  a  simple  fraction.  Ans.  \. 

The  truth  of  the  rule  for  this  reduction  may  be  shown  as  follows  :  — 

Let  the  compound  fraction  to  be  reduced  be  \  of  ^.  Then  \  of  ^=|-f- 
?>=4\-.  and  consequently  |  of  i  =  5^  x  2  =  ;^,  as  by  the  rule  ;  and  the  like 
will  be  found  to  be  true  in  all  cases. 

If  the  compound  fraction  consists  of  three  or  more  fractions,  the  two 
first  may  be  reduced  to  a  single  one,  and  then  that  single  one  and  the 
third  to  another  ;  and  so  on  for  any  number  of  them. 

It  may  here  also  be  observed,  that  a  whole  number  may  be  reduced 
to  an  equivalent  fraction,  having  a  given  denominator,  by  multiplying 
it  by  the  given  denominator,  and  then  putting  the  same  denominator  under 
the  product. 

Thus,  if  it  were  required  to  reduce  5  to  a  fraction,  having  7  for  its 

5x7      35 
denominator,  we  shall  have =  — ;    and  if  nine  is  to  be  reduced  to  a 

7  7 

99 
fraction  having  11  for  its  denommator,  the  answer  is  — . 
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(5.)  Kiiluce  j  of  9,<  to  a  siiuple  fraction.  Ans.  \,'. 

^6.)  U«iluce  -,,',,,  of  rjy  to  a  siiuplu  fraction.         Ans.  .7,. 
(7.)  Keduce  ^  of  J  of  lOJ  to  a  simple  fraction.  Ans.  y,;. 

CASE   V. 

To  reduce  fractions  of  ditfcrcnt  den<iininators  to  others  of 
an  ecjiial  valiu',  tliat  shall  have  a  common  denoniiuator. 

RULE   1.* 

If  any  of  the  projjosed  quantities  be  integers,  mixed  num- 
bers, or  compound  fractions,  reduce  tliem  to  sim])le  fractions 
by  the  fornuT  rules. 

Tiien  multii)ly  each  numerator  of  these  fractions  by  all 
the  denominators,  except  its  own,  for  a  new  numerator,  and 
all  the  denominators  together  for  a  common  denominator. 

EXAMPLES. 

(1.)  Reduce  \,  ],  and  i  to  equivalent  fractions,  liaving  a 
common  denominator. 

1  X  5  X  7  =  ;}5  t/ic  neio  numerator  for  ^ 

3x2x7  =  i'2 ditto  for  | 

4  X  2  X  5  =  40 ditto  for  \ 

2  X  5  X  7=70  the  coniinun  denoniintitor. 
Tliercfore,  the  tuiv  cfjuii'uhntfrdctio/is  are  -f;,  -i'-,  and  4^^ 

the  answer  ;  because  i^=i\\  -l^^4;  oW  }J]  =  >. 

(2.)  Reduce  j  and  ^  to  fractions,  having  a  common  de- 
nominator. Ans.  ^§  and  -ft* 

•  IJy  platriiig  tl>c  U-niis  of  the  fractions  nncl  the  nuinl»crs  by  which 
they  are  multiplied,  )>ro|KTly  under  each  other,  it  will  he  sivn  that  the 
uuitu-nitor  and  detioniin.itor  of  each  of  them  arc  multiplied  by  the  same 
number,  and  consequently  Uicir  %'alues  are  not  altered.  Thus,  in  tlic 
iir>t  example  : 

11^  x^.     3|xSx7.     4!xax5 
2|x5'x7'     5;'x2x7'     71x2x5 
given  above,  the  common  denominator  is  a  multiple  of  all  the  dcnomina> 
tors  and  consequently  may  be  dividwl  by  any  of  them,  without  li*nving 
a  remainder.      Hence  it  i«  manifest  that  proper  parts  may  be  taken  for 
all  the  numerators  as  re<|uired. 

A  common  denominator  may  ofkerj  lie  more  readily  fountl.  by  multi- 
ply ini;  the  numerator  and  denominator  of  each  of  the  fractions  by  such 
numbers  as  will  make  the  denominators  the  same  in  them  all.  Tlius  if 
the  fractions  be  \  and  ],  the  terms  of  the  first  being  multiplied  by  -I,  will 
give  f^,  and  the  teniis  of  the  second,  multiplied  by  3,  will  give  -^j,  each  of 
which  have  the  same  denominator. 
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(3.)  Reduce  i,  X,  and  ^  to  fractions,  having  a  common 
denominator.  Ans.  ^,  -^^,  and  -fi^. 

(4.)  Reduce  -|,  f ,  f ,  and  i  to  fractions,  having'a  common 
denominator.  Ans  J-JA  J-!i~    "  ^o    e.-^s 

/-N-r,,  1       „        „,,       -,  ,     ",  a  "8'    2  8  8'    2  8  6'   T38' 

{5.)  Keduce  },  f  ot  li,  5|,  and  -^Sy,  to  a  common  denomi- 
nator. Ans    -l-Sii    AA5.    ."Ul^      6  0 

(b.)  Keduce  |i,  f  of  li,  -^  and  i,  to  a  common  denomi- 
nator. ^W*.  +#^^a     liOJ.5     JLAJL04     11440 
^«,>.    igoio'   16  0  15'    16  0T6'  T6  0T6* 

RULE  2. 

Jb  reduce  fractions  to  others  that  shall  have  the  least  com- 
mon denominator. 

1.  Divide  the  product  of  any  two  of  the  denominators  by 
the  greatest  divisor  of  each  of  the  factors,  and  proceed  in  the 
same  manner  with  the  product  of  the  quotient  thus  arising, 
and  another  denominator ;  and  so  on  to  the  last  quotient, 
which  will  be  the  least  common  denominator  sought. 

2.  Divide  the  common  denominator  thus  found  by  the 
denominator  of  each  fraction,  and  multiply  the  quotie"^nt  by 
the  numerator ;  then  these  products,  taken  in  order,  will  be 
the  numerators  of  the  fractions  required. 

EXAMPLES. 

(1.)  Reduce  -|,  f,  and  g-,  to  fractions  having  the  least 
common  denominator. 

„     .2x4-     ^     4x6     ,^    ,    , 

acre  —^  =4' ;   --  —  ;=  12  the  least  common  denominator. 

12  12  19 

Ayid     ->clz=Q;         X  3  =  9 ;  ~x 5  =  10  the  numerators. 

'^  i'  b 

,><!)(^i'^'hence  -j%  ^'V,  and  -fa  are  the  fractions  required. 
'-^      (2.)  Reduce  -^  and  ^  to  fractions,  having  the  least  com- 
mon denominator.  Ans.  ^  1   ^-.. 
(3.)  Reduce  ^,  f,  |,  and  f,  to  fractions  having  the  least 
common  denominator.                                 An<i  -ft-  -?-   -2-    lii 
(4.)  Reduce  ?,  -j,  p,  and  -/y,  to  fractions  having' the' least 
common  denominator.                                A7is.  ^f"-  ^Q-  A'^-   i>-3 
(o.)  Reduce  -i,  |,  a    ^'^,  and  ^,  to  fractions  having  the 
least  common  denominator.      A?is.  -^-"-,  i^^.  i^A.  .105   _4j.i_ 

//-   \     -O      1  1       ..       t      -       1  -.  ,   •    O04'    a04'    504'    6  0  4'    5  0  4- 

(6.)  Reduce  .},  ^,  f,  -h,  J-J,  and  f^,  to  equivalent  fractions 
having  the  least  common  denominator  possible. 

An9    JLS.    3^   Ail    ±3.    3^    AA 
^ns.  -j^,  -j^,  ^j-g,  ^,  -^,  ^. 
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CASE  VI. 

To  n'lluct?  a  fraction  of  one  denomination  to  that  of 
another,  which  shall  have  the  same  value. 

RULE.* 

When  the  reduction  is  from  a  less  name  to  a  greater,  mul- 
tiply the  denominator  by  all  the  different  denominations, 
from  that  given  to  the  one  sought :  but  if  it  be  from  a  greater 
name  to  a  less,  multiply  the  numerator  by  all  the  denomi- 
nations, as  before,  and  it  will  give  the  fraction  re(|uired. 

EXAMPLES. 

(  1.)  Ueiluce  -^  of  a  penny  to  the  fraction  of  a  pound. 

-     ,  ^-    -   ,=  -; — ,  .        =  \  A  t^  f'>ts.  required. 
6x1*2x20     6xl'2x4-     '288  ' 

(  _'.)  Reduce  -jig  of  a  pound  to  the  fraction  of  a  penny. 

7x20x12     7x10x12     7x10x4     280    . 

-    18     -= ^J =-     3^   =   3^'^^- 

2 

^    ,.        7x20x//     7x20x2     280    . 
Or  thus,       -^i  — -  = 3 =  -7f  Ans- 

3 
Here  it  is  to  be  observed,  that  12  in  the  num.  ami  IS  in 
the  denom.  are  both  divisible  by  6. 

(3.)  Reduce  j  of  a  farthing  to  the  fraction  of  a  pound. 

Ans.  1^5.,. 
(  1.)  Reduce  *  of  a  j)Ound  to  the  fraction  ot  a  penny. 

All's.  ♦5^. 
(  ■).)  Reduce  ^  of  a  dwt.  to  the  fraction  of  a  pound  troy. 

Ans.  -j^,^. 

(6.)  Reduce  4  of  a  pound  avoirdupois  to  the  fraction  of  a 

rwf.  Ans.  ;jjj. 

~ .)  Reduce  ^^-Vi  of  a  mile  to  the  fraction  of  a  yard.  Ans.  *|*'. 

^.)  Reduce  ^^  of  a  month  to  the  fraction  of  a  day. 

Ans.i\\. 
( '•X')  Reduce  Is,  SdL  to  the  fraction  of  a  pouud.f  An*.  |^. 

•  The  ronson  of  thit  practice  is  explnined  in  the  rule  for  re<iiicing 
compuiiiid  fnictiun^  to  simple  ones. 

■f  Qtiantilii's  «)f  thix  s»>rt  are  best  rc«Uiced  to  the  fmction  re<|uired,  by 
bringing  thesu  to  their  lowest  denomination,  for  a  numerator,  and  then 
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(10.)  Reduce  6  fur.  16  po.  to  the  fraction  of  a  mile.  Atis.^. 
(11.)  Reduce  ij..  to  the  fraction  of  a  guinea.  Ans.  -^t. 
(12.)  Reduce  f  of  a  crown  to  the  fraction  of  a  guinea. 

A?is.  y-5%. 
(13.)  Reduce  f  of  half-a-crown  to  the  fraction  of  a  shil- 
lii^g-  Ans.  fa. 

(14.)  Reduce  ^  of  a  moidore  to  the  fraction  of  a  crown.' 

A?ts.  1-3^2. 

CASE    VII. 

To  find  the  value  of  a  fraction  in  the  known  parts  of  the 
integer. 

RULE.* 

Multiply  the  numerator  by  the  parts  in  the  next  inferior 
denomination,  and  divide  the  product  by  the  denominator  ; 
and  if  any  thing  remains,  multiply  it  by  the  next  inferior 
denomination,  and  divide  by  the  denominator  as  before  ;  and 
so  on  as  far  as  can  be  done  ;  then  the  quotients,  placed  in 
order,  will  be  the  answer  required. 

EXAMPLES. 

(1.)  What  is  the  value  of  f-  of  a  shilling? 
5 
12  pence =1  shilling. 


7)60 


8c?. — 4=4  of  one  penny  over. 
4  farthings  =  lrf. 

7)16 

25.  farthings.  Ans.  8M.  $. 


putting  the  integer,  reduced  to  the  same  denomination,  under  it,  for 
a  denominator. 

Thus  7s.  3d.  =  87d.  and  lZ.  =  240t?.  ;  therefore  2%  =  |S  the  answer. 

*  The  numerator  of  a  fraction  which  arises  after  any  operation  is  per- 
formed, may  be  considered  as  a  remainder,  and  the  'denominator  as  a 
divisor ;  whence  this  rule  has  its  reason  in  the  nature  of  Compound 
Division,  and  the  valuation  of  remainders  in  the  Rule  of  Three  ;  which 
have  been  already  sufficiently  explained. 
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(2.)  What  is  the  value  of  ^  of  a  pound  sterling  ?  Afis.  7s.(yL 
(3.)  What  is  the  value  of  •  of  a  jminea?  Ans.  U.  Hff. 
(  K  )  Wliat  is  the  value  of  1  of  haif-a-crown  ?  Ans.  Is.  5\f/. 
{').)  What  is  the  value  of  I  ;J  of  a  nioitlore?  Ans.  ISs.  5^ij</. 
((). )   Wiiat  is  the  value  of  ^  of  a  pound  troy? 

A /IS,  7  oz.  1-  dwts. 
(7.)  What  is  the  value  of  !  of  a  pound  avoirdupois? 

Ans.  9  oz.  2i  dr. 
(8.)  What  is  the  value  of  §  of  an  ell  English  ? 

Ans.  2  qrs.  3J[  na. 
('.>.)  What  is  the  value  of -|\  of  a  hhd.  of  ale  ? 

Ans.  7  gal.  0  qt.  1  ^  pt. 
^^  10.)  What  is  the  value  of  ^  of  a  tun  of  wine  ? 

Ans.  3  hhds.  31  gal.  2  qt. 
(1  1 . »  What  is  the  value  of  ^  of  a  ewt.  ? 

Ans.  3  .|r.  3  lb.  1  oz.  12^  dr. 
( I'J.)  What  is  thi'  value  of  y^  «»f  a  day  ? 

Ans.  12  ho.  5!i  niin.  23-j\-  see. 
(1.3.)  What  is  the  value  of  i  of  a  mile  ? 

Ans.  3  fur.  17  po.  0  yd.  2  ft.  t;  n. 

CASE    VIII. 

To  reduce  a  complex  fraction  to  an  ecjuivalent  simple  one. 

RULE. 

Multiply  each  of  its  term.s  by  the  denominator  of  the  frac- 
tional j>art,  if  there  be  only  one  ;  or  first  by  one  denominator 
and  thru  by  aiu)ther,  if  there  be  more  than  one,  and  tin 
nsult  will  be  the  simple  fraction  nipiired. 

EXAMPLES. 

oi  31 

(1.)  Keduce  the  complex  fractions  V,  J^'id  .,  to  .simple 
fractions.    ,,,       _  '  * 

2^      5  .   3|     9J     39    . 

7i-  =  r..   and      *=-*=-    the  answer. 
7       l*  6^     19      <b 

^      2ix2      r>  .   31x3     9',        ,9Jx4     39       .    - 

*^or     -    „=,.;  and    ,|      .  =  ,A'and    '     -=„,.  a-n  before. 
7x2      It  G]x3     19         19x1'     76 

(2.)  lleduce  the  complex  fraction       to  a  simple  fraction. 

^v  Ans.  ^\. 
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(3.)  Reduce  the  complex  fraction-^  to  a  simple  one. 

^  Atis.  -fl. 

21 
(4.)  Reduce  the  complex  fraction  -y  to  a  simple  one. 

^<5"  Ans.  ii. 

(5.)  Reduce  the  complex  fraction  ~f  to  a  simple  one. 

o  An<:  Ai 

201 
(6.)  Reduce  the  complex  fraction  ^^^-j-  to  a  simple  fraction. 

ADDITION  OF  VULGAR  FRACTIONS. 

RULE,* 

Reduce  such  of  the  fractions  as  require  it  to  simple  ones, 
and  such  as  are  of  different  denominations  to  those  of  the 
same  name ;  then  bring  the  fractions,  so  prepared,  to  a  com- 
mon denominator,  and  the  sum  of  the  numerators,  placed  over 
this  denominator,  will  be  the  sum  of  the  fractions  required. 

jVote.  When  large  mixed  numbers,  or  mixed  numbers  and 
fractions,  are  to  be  added  together,  it  will  be  best  to  bring 
the  fractional  parts  only  to  a  common  denomination,  and 
then  annex 'their  sum  to  that  of  the  whole  numbers,  carrving 
for  the  units,  if  any,  as  usual. 

EXAMPLES. 

(1.)  Add  f  and  ^  together. 

^=-^,  for  I-  X  i=^  ;  and  i=^,  for  |  X^=t5V. 
Whence  -h  +  T2=\i=li\  Ans. 
Or  thus, 
2x4=8) 
3x  3=9J 


Sura  of  the  numerators  =  17     ,  -     a  1  ^ 

^  1  n     A     -z-p^  =  \-ihr  Ans.  as  before. 

Common  denom.    3x4=12  - 


*  Fractions  that  have  different  denominators  not  of  the  saine  kind, 
and  therefore  cannot  be  incorporated  with  each  other ;  but  when  they 
are  reduced  to  a  common  denominator,  and  by  that  means,  made  parts 
of  the  same  thing,  their  sum,  or  difference,  may  then  be  as  properly 
expressed  by  the  sum  or  difference  of  the  numerators,  as  the  sum  or 
difference  of  any  two  quantities  whatever,  by  the  sum  or  difference  of 
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(2.)  Roqiiirctl  the  sum  of  2^,  {,  and  V  of  J. 

First  2\  =  \,  and  h  of  ^=^. 

Therefore  the  fractions  are  J,,  ^,  a/nl  .\ 

Hence  7 

ntmerators. 


7x5x8  =  '2H0l 
4-x3x8=   96  Vni 
3x3x5=  45J 


Sum  of  tluMuum-ratDrs =  421      „  -,    ,, 

=3-Ao  l''P  answer. 
Common  diMiominators  3x5x8=1 20 

n    ,/         K^^^      40  ^  9G  ^  45      ISl        ,  ^ 
Or  thus,      A-    +     = —  +  +         =  =:  I-ftV,. 

3     5     8     120     120     120     120         "" 

Then  2  +  l-j'y^  =  3-j'yg  the  answer  as  before. 

^3.)  Required  the  sum  of  i  and  -^.  Ans.  ^4. 

(4.)  Ucijuircd  thr  sum  of  A,  '.,  and  |.  Ans.  \-^. 

(5.)  Ut>(|uiri'«l  thf  sum  of  ^  and  9\.  Ans.  9.',;{. 

(fi.)   Aild   ;,  7\,  and  \  of  i  together.  Ans.  8^. 

(7.)  What  is  the  sum  of  I,  \  of  ',,  and  ^'^  ?         Ans.  Ig'^. 
(8.)  What  is  the  sum  of  jo  of  6^,  4  of  ^,  and  7+  ? 

Aiis.  13|^. 

(9.)  R»'(|uirp(l  th(>  sum  of  55\,  109':,  and  2f"„.  Ans.  168^. 

OO.)  Add  \l.  :>.  and  v^^'-  to,C'<'ther^  Ans.  3.v.  1  }</.  |i,'. 

(II.)  Add  J  of  a  yard,  |  of  a  foot,  and  I  of  a  mile  t<)p;other. 

'  Ans.  6fiO  yds.  ',  l,  or  660  yds.  2  ft.  9  in. 

(12.)  Add  ',  of  a  week,  j  of  a  day,  and  ',  an  hour  together. 

.'l//,v.  2j,|  days,  or  2  da.  14'.  hrs. 

(\S.)  Required  the  sum  of  \0()0l,  74{;,  and  6;-,.  Ans.  1081. 

(14.)  Required  the  sum  of  ^  of  a  guinea,  and  ^  of  a  nioidore. 

i  Ans.  \l.  \s.  9\d. 

(15.)  What  is  the  sum  of  \  of  15/.,  31/.,  \  of  4  of  _;;  of  a'/., 

and  \  of  I  of  a  shilling?  Ans.  7/.  17.».  51//. 

(If).)  What  is  the  sum  of  i  of  a  ewt.,  H,;  II).,  and  3  Y',  oz.  ? 

/I//.*.  2  <|rs.  17  II).  1  oz.  '.\\\  drs. 

(17.)  What  is  the  sum  of  3^^  Knglish  elU,  41  yanis,  and  -i 

of  a  nail?  Ans.  S  yils.  3  t|rs.  2-:  na. 


their  inrfividtinU  ;  Trhmec  the  rmwn  of  the  rule^  both  for  addition  and 
sulitrnctinn,  U  innnifi-st. 

To  this  wc  iniiy  aild,  thnt  the  hrinjjinp  of  frnctions  tD  a  common  deno- 
minator is  only  rc4]wisiti-  in  addition  and  subtraction  ;  nu  such  operation 
being  noccs-sary  in  any  of  tlic  other  rules. 

F 


98  SUBTRACTION    OF    VULGAR    FRACTICXS. 

(IS.)  What  is  the  sum  of  f  of  a  hhd.  of  ale,  24  gallonSj  and 
I  of  -f  of  a  pint  ?  Ans.  43  gallons,  2  pts.  l-|-. 

(19.)  What  is  the  sum  of  4^-°^  miles,  -t  of  a  furlong,  and  -| 
of  1-1  yd.  ?  Ans,  4  miles,  4  fur.  173*^  yds. 

SUBTRACTION  OF  VULGAR  FRACTIONS. 
RULE. 

Reduce  the  fractions,  when  necessary,  to  a  common  deno- 
minator, as  in  addition  :  then  the  difference  of  the  nume- 
rators, placed  over  the  common  denominator,  will  give  the 
difference  of  the  fractions  required. 

But  when  they  consist  of  large  mixed  numbers,  or  mixed 
numbers  and  fractions^  subtract  them  according  to  the  method 
mentioned  in  the  former  rule. 

EXAMPLES. 

(1.)  What  is  the  difference  of  ^  and  4? 

3_21  5  _2o' 

■  4  ""28  '  ^"  '   7  ""28" 

^,       .      21     20       21-20      1 
Therefore  ---  or  -^^  =^  answer. 

Or  t/ius,  _     '      „_  y  nu7nei-atoi-s. 
5x4  =  20  J 


Difference  of  the  numerators  =  1    ^,  ,  ^ 

.  —  t/ie  cmsicer  as  before. 

Denommators  4x7  =  28 

(2.)  What  is  the  difference  between  "  and  -j  of  2  ? 

„       2    .3      6       2  ,  2     14%     2x7  '  14 

Here  ^of  ^=^^=^^;  ^nA  g^_,for^^=-, 

^,      ^       14      2      12     4    , 
Iherefore  -—  —  ---  =  --  —  ^  t/ie  aiisiver. 

''       21     21     21     7 

(3.)  Required  the  difference  of  -j  and  \.  Ans.  ^. 

(4.)  Required  the  difference  of -j^-  and  -j-%.  Ans.  -j^. 

(5.)  Required  the  difference  of  -3^'^%  and  4-'         Ans.  4^^. 

(6.)  Required  the  difference  of  169  and  144.     Ans.  1544. 

(7.)  Required  the  difference  of  214^  and  ^  of  19. 

Ans.  201 T^. 

(8.)  Required  the  difference  between  ^  of  a  pound  and  -J 
of  a  shilling.  Aiis.  9s.  3d. 

(9.)  Required  the  difference  between  i  of  an  ounce  and  -f^ 
of  a  pennyweight.  Ans.  11  dwts.  3  grs. 
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(10.)  ItfMjuircd  the  iliffiTt-nci'  bctwt'on  ^  of  a  h-agiic  ami  y,, 
of  a  inilo.  A/is.  1  m.  2  f.  16  p. 

(II.)  H»'(|uirfd  the  ilirtVrciice  iu'twecii  :  ((fa  piiinoa  and 
$  of  a  nioidorc.  Ans.  Wd. 

(12.)  Rt'ijiiired  the  difl'ereiice  hetween  S  ,'„  cwU  and  1  (|r. 
2}  lb.  A/IS.  8  cwt  2  (irs.  li '  '  lbs. 

Mill  II'l.K    \  HON  OF  VL'LG.VK  lUACTIOXS. 
RULE.* 

Prepare  tlie  fraetions,  by  reducing;  such  as  require  it  to 
simj)le  ones,  as  in  the  former  rules;  then  multiply  thenunie- 
rators  together  for  a  nnnu-rator,  and  the  denominators  for  a 
denominator,  and  it  will  give  the  product  recjnired. 

Note.  When  one  of  the  factors  is  a  large  mixed  number, 
and  the  other  a  whole  number,  it  will  be  best  to  multiply  the 
l)arLs  of  the  former  separat«'ly,  observing  to  carry  for  units 
to  the  whole  nundxTs,  when  necessary. 

It  may  here  also  be  further  observed,  that  in  the  multiplica- 
tion of  whole  numbt-rs,  the  product  will  be  always  greater  than 
eitlu-r  of  the  factors  ;  but  if  two  propi-r  fraetions  be  multiplied 
together,  tin;  product  will  be  less  than  either  of  the  factors. 

EXAMPLES. 

(1.)  Itequired  the  product  of  ^  and  \. 
ix7    28     7    ,  4.    7     1     7     7    .  ^x7     V 

5x8     iO     10  5     8     5     2     10  5x$     10 

2 

(2.)  Rcipiired  the  continued  product  of  2^,  i,  aud  ]  of  ;';. 

I/ere  2ii=]i  and  >/i>=,V 
_,.      5x1x5       25  ^, 


*  MtiltipluMtioii  l>v  a  frarlion  implies  thv  t.ikiii;;  mmik-  part  or  parts 
of  the  multipliiaiul,  anil  is  tliorvfore  truly  fX|)rosM.>4i  U\  a  cxinpoiiiut 
friirtion.  Tiiiis  j  iniiltiplied  l>y  I,  it  the  saiiic  as  J  of  J  ;  oiiil  a<  tlie 
(lin-ctioiis  in  the  ruK-  ajjrco  witli  thi-  niolliiMl  .ilrcajy  given  to  rvducc 
Uicso  fractions  to  ^ilnple  ones,  it  is  uviiicntly  right. 

Again.let      be  multiplied  by    .     Let  .—•«■;     .=y..^   .  «   .  =  *>;  b^ 
b  'aba  b     a 

C.1USC  aB,bx,cwx  litj ;  .  • .  hy  muhiptication  ac^bdry,  of  .  ."■'y  =  .  «  ,• 

M  o      a 

9   2 
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(S.)  Multipl}'  ^\  by  J^.  Atis.  -^. 

(4.)  Multiply  41  by  L  Ans.  i^g. 

(5.)  Multiply  i  of  7  by  i.  A7is.  1-|. 

(6.)  Multiply  13  by  2h.  '  Ans.  32i. 

(7.)  Multiply  1017  J  by  35.  Ans.  35618|. 

(8.;  Multiply  ^i-  by  i  of  5.  y4w«.  43^-. 

(9.)  Multiply  'i  of  I  by  I  of  34.  ^«5.  -f^. 

(10.)  Multiply  il,  I  of  4,  and  I8|,  continually  together. 

Ans.  9jf  y. 
(11.)  Required  the  product  of  §,  31,  5,  and  ^  of  |. 

^«5.  4^. 

(12.)  What  is  the  continued  product  of  5,  ^,  ^  of  |,  and 

41  ?  ■"       ^W6-.  2#j-- 

(13.)  What  is  the  continued  product  of  14,  |,  ^  of  9,  and 

6^?  yin*.  528. 

(14.)  Required  the  continued  product  of  14|^,  2 J,  and  X  of 

4+?  "      A71S.  51^. 

(15.)  Required  the  continued  product  of  1014,  2024,  5i, 

and  I  of  7^.  Ans'l  383644*:^. 

(16.)  Required  the  continued  product  of  4  of  54,  -5  of  11, 

and  ^Vt-  ^ns.  ^^. 

DIVISION  OF  VULGAR  FRACTIONS. 


Reduce  the  fractions,  when  necessary,  to  simple-  ones,  as 
in  the  former  rules ;  then  invert  the  divisor,  and  proceed  as 
in  multiplication. 

When  the  dividend  is  a  mixed  number,  and  the  divisor  a 
whole  number,   it   will   be   best  to  divide  the  parts  of  the 

*   The  reason  of  this  rule  may  be  shown  thus :  suppose  it  were  re- 

3 
nuired  to  divide  9  hy  ?;   then  ?-;-2  is  manifestly  I  of  i   or ;     but 

?  =  1  of  2,  therefore  i  of  2,  or  |,  must  be  contained  5  times  as  often  in  ^  as 

3x5 
2  is;  that  is  ^ =  12  the  answer;  which  is  asreeable  to  the  rule  ;  and 

4x2        *  ° 

the  same  will  take  place  in  all  eases  whatever. 

Xote.  A  fraction  is  multiplied  by  an  integer,  by  dividing  the  denomi- 
nator by  it,  or  multiplying  the  numerator.  And  a  fraction  is  divided  by 
an  integer,  by  dividing  the  numerator  by  it,  or  multiplying  the  denomi- 
nator. 


♦ 
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forinpr  sj^paratclv,  observing  to  carry  for  units  to  the  frac- 
tional part,  when  ru-ct'ssary. 

EXAMPLES. 

(1.)  It  is  required  to  divide  i  by  j. 

4     3     4     5     20 

-H — =-  X  -= —  ansicer. 

7     5     1     3     2\ 

(2.)  It  is  required  to  divide  V  of  19  by  ^  of  |. 

Jhrc  j;  of  19=  V.  and  }  of  ?  =-/W=4. 

T/ien  —  X  "^^  -=74  tite  quotient  required. 
5      15 

(3.)  Divide  4  by  l-  Am.  ^. 

(+.)  Divide  31  by  9^.  Ans.  \. 

(5.)  Divide  9,1  by  ^of  7.  Ans.  2fj. 

(6.)   Let  5  be  divided  by  y,,.  Ans.  7\. 

(7.)   Let  ;,  be  divided  by  \.  AtlS.  ^. 

(8.)  Let  •,  of  <i  be  divided  l)V  j  of  ^.  Ans.  Jj. 

(9.)  Let  5205!  b«-  divided  by  12.  Ans.  433^g. 

(10.)  It  is  recjui'red  to  divide  1(X)  by  +;.  Ans.  205^. 

(11.)  It  is  re(juind  to  diviile  ^  «d'  J,  by  ;.  Ans.  ^^ 

(12.;  It  is  required  to  divide  ^  of  50  by  \\.  Ans.  9^^. 


him:  of    lIlliLE   IN   VILGAR    IKALTIONS. 
RULE.* 

State  tbe  »|uestion  as  in  the  common  rule  of  three,  and 
reduce  all  the  terms  if  necessary,  to  simple  fractions,  and 
the  tirst  two  to  such  as  are  of  the  same  denomination. 

Then  multiply  the  last  two  terms  of  the  proportion,  and  the 
reciprocal  of  the  first  term  (i.  e.  the  first  term  inrerted)  con- 
tinually together,  and  the  pro<lurt  will  be  the  answer,  in  the 
same  denomination  that  the  last  term  was  redueeil  to. 


This  rule  depends  upon  the  same  principles  as  the  common  rule  of 

::irio  :  ami  iit  tlio  practicul  application  of  it,  according  tu  the  method 
hiTv  j^ivi-n,  tlic  tictorinin.ition  of  the  prcatiT  or  U-nh  of  tlic  two  fust  terms, 
which  i>  ncci-vsjiry  in  the  proci"v<  there  (lescrilK'<!,  will  be  nujst  readUr 
seen  by  brinjiiiiji  them,  when  in  the  same  denomination,  to  a  common 
denominator,  and  then  observing  which  has  the  greater  or  Kts  numerator. 
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EXAMPLES. 

(1.)  If  f  of  a  yard  cost  -3^  of  a  ^,  what  will  fj  of  an 

English  ell  cost  ? 

First  \ofa  yard  =  I  of  \  of  \  =  ^  of  an  ell. 

Tlien^^ell     \     -  ell    ::    !-£. 
'25  15  12 

And  -^  X  —  X  ?^=- A=9*.  Ud.  5  the  anstcer. 
^^'"  15     12     12     72  ^      ■" 

(2.)  What  quantity  of  shalloon,  that  is  f  yard  wide,  will 
line  9^  yards  of  cloth  that  is  2\  yards  wide  ? 

First  2}r  yds.=l  ;  and  9-J  yds.—  y. 

^      3     ,         5     ^  19     ^ 

Tlien  ^yd.    :    ^  y«'    ' '    ~o  V^- 

^    j5     19    .    3     5     19     4!     95     _.,      ,      , 

And  -  X =  -  X  — -  X  -  =  -7r=31  J  ^/f/s.  Me  answer. 

1      <2.     •    ^     i      i      2>      'I 

(3.)  Iff  of  an  ell  of  Holland  cost  U.  what  will  12S-  ells 
cost  ?         "  ■^««-  7A  05.  8|c?.  -5. 

(4.)  If  i  of  a  cwt.  cost  4^/.  what  will  4^  lb.  cost? 

Ans.  Qs.  \\d.  4. 

(5.)  How  much  in  length   that  is  7i  inches  broad  will 

make  a  square  foot  ?  ^«5.  18^^  inches. 

(6.)  If  tV  of  a  ship  cost  273/.  Is.  6d.  Avhat  is  f:r  of  her 

^vorth?  '     ^«.f.  227/.  i2*.  Irf. 

(7.)  If  4  of  a  gallon  of  wine  cost  |/.  what  will  %  of  a  tun 

cost  ?         "  "  ^ns.  140/. 

(8.)  How  much  in  length  that  is  ll-j-^,  poles  broad  will 

make  a  square  acre?  Ans.  13^''4j-  po. 

(9.)  How  many  yards  of  ell-wide  flannel  are  sufficient  to 

line  a  cloak,  containing  18i  yds,  of  camlet  4  of  a  yd.  wide? 

Ans.  11  yds.  1  qr.  li  na. 

(10.)  A  person  who  possessed  a  f  share  of  a  coal  mine, 

sold  4  of  his  interest  in  it  for  1710/.,  what  was  the  reputed 

value" of  the  whole  mine  ?  Ans.  3800/. 

(11.)  If  the  penny  loaf  weigh  6-^-  oz.,  when  wheat  is  5s.  a 

l)ushel,  what  ouglit  it  to  Aveigh  when  it  is  85.  6d.  per  bushel  ? 

Ans.  4Jy  oz. 
(12.)  A  mercer  bought  S\  pieces  of  silk,  each  containing 
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2t'  yards,  at  G*.  OU/.  vvr  yard,  «hat  does  the  ulu.l.-  come 
[Jj-J  ^  -  Ans.^'yl.  l\s.(]\({.  \. 

(13)  \greed  lor  the  carriajje  of  2}  tons  of  goods  2^^ 
miles  for  ,\,  of  a  guinea,  vhat  is  that  per  cwt  for  a  nule  ;- 

*"  ^  ^«x.  ^;^  of  a  farthing. 

(It)  If  a  coat  aiiti  waistcoat  can  be  made  of  3;  yards  of 
broad  cloth  n\-  1  '  yard  in  breadth,  lu.w  many  yards  of  stuff  of 
?  vd.  in  breadth  Vill  it  reciuire  to  Ht  the  same  person  . 
■  -  Atis.  9  yds. 

(13)  If,  when  the  days  are  \3^  hours  long,  a  traveller  per- 
forms his  ji.nrnev  in  ^o '  days,  in  how  many  days  wdl  he  perform 
the  same  iourney  when  the  days  are  11  j',,  hours  long-' 

-•  ^  Alls.  W^j^  days. 

(16.)  A  regiment  of  soldiers,  consisting  of  976  men,  are  to  be 

new  clothed,  each  coat  to  contain  21  yds.  of  cloth  that  is 

If!  yd.  wide,  and  to  be  lined  with  shalloon  .•;  yd.  wide;  liow 

manv  vards  of  ^'halloon  will  line  them  ? 

Ans.  4531  yds.  1  (ir.  '2'i  na- 

Drrimal  jrinrtion?^. 

A  UFCiM  VL  KiiACTioN  is  that  which  has  for  iLs  denominator 
a  unit,  with  as  n.any  ciphers  annexed  to  it  as  the  numerator 
has  places  ;  and  is  usually  expressed  by  writing  the  numerator 
only,  with  a  point  placed  before  it,  on  the  htt  hand. 

Thus  -i^.,  ro'.-,^  Mo^  ^^-  are  decimal  fractions,  which  are 
expressed  by  .5,  .25,  and  .075 ;  and  in  reading  them,  the  hrst 
is  called  5-tenths,  the  second  25-hundredths,  and  the  third 
75-thousandths  of  a  uniL 

Ciphers  to  the  ri-;ht-liand  of  decimals  make  no  alteration 
.  their  value;  for  .5,  .50,  .5(X),  \-c.  are  the  same  as  /„,  /oV  ^ 
,  which  arc  each  e.iual  to  i  ;  but  if  they  are  placed  on  the 
left  iiand  of  the  de.imal,  they  decreai,e  its  value  m  a  tenfold  pro- 
portion. Thus,  .5,  .05,  .(K)5,  &c.  arc  5-tenths,  5-hundredths, 
5-lhousandths.  .S;c.  respectively.  Also  2.7  is  2  and  .-tenths 
and  Ji.Ot  is  32  and  4-huiidredllis.* 

•  Ai  UjcVaJucs  of  the  figurw,  in  notatbn  of  whole  numlHT*.  »ncri-Me 
in  «  tcnfoia  proportion,  from  the  riRht  hftnd  to  the  left.  m.  m  d.^.ma  5. 
their  values  cl.«crease  in  a  «en-f..Ul  pro,H,rtion.  from  the  left  hand  to  he 
riaht  ;  hence  the  o,KraUoivs  in  .■.II  the  lending  rules  are  pertormcd  u.  the 
snme  manner  in  boll,  eas.-s  ;  observing  only,  in  the  latter,  to  pomt  olT 
the  proper  number  of  decimals  in  thO  rcsulu 
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ADDITION  OF  DECIMALS. 
RULE. 

Arrange  the  numbers  according  to  the  value  of  their  places, 
or  so  that  all  the  decimal  points  may  fall  directly  under  each 
other. 

Then  find  their  sum  as  in  whole  numbers,  and  point  off  as 
many  places  for  decimals  as  ai'e  equal  to  the  greatest  number 
of  decimal  places  in  any  one  of  the  given  numbers. 

EXAMPLES. 

(1.)  Find  the  sum  of  25.074 +  1.8254 +125 +  .0567876  + 
1776.111. 

25.074 
1.8254 
125. 

.0567876 
1776.111 


1928.0671876  the  sum. 


(2.)  Find  the  sum  of  376.25  + 86.125  +  637.4725  x  6.5  + 
358.865  +  41.02.  Ans.  1506.2325. 

(3.)  Required  the  sum  of  3.5 +  47.25 +  927.01 +2.0073 -^ 
1.5.  Ans.  981.2673. 

(4.)  Required  the  sum  of  276  +  54.321  +  .65  +  1 12  +  1.25  + 
.0463.  Ans.  444.2673. 

(5.)  Required  the  sum  of  .01  +  2.1 9  +  .307  +  -009  +  1 .0768. 

Ans.  3.5928. 


SUBTRACTION  OF  DECIMALS. 
RULE. 

Set  the  numbers  under  each  other  according  to  the  value  of 
tlieir  places  ;  then,  beginning  at  the  right-hand,  subtract  as  in 
whole  numbers,  and  point  off  the  decimals  as  in  addition.* 


*  This  method  of  setting  the  numbers  under  each  other,  according  to 
the  value  of  their  places,  is  only  necessary  in  addition  and  subtraction. 
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EXAMPLES. 

(I.)  Find  the  dim-rence  of  21dt.21  and  327.0764-3. 
2ki4.21 
327.07<il-.'} 


2I37.13.'{.>7  the  difference. 

(2.)  rrom  127.G2  take  13.7'i.3.  Ans.  113.89.5. 

(3.)  Frt)in  6213.72.5  take  162.2.5.  Ans.  6051.47.5. 

?4-.)  From  3760.279  take  4-23.(X)76.  Ans.  3337.2714. 

(5.)  From  30.7265  take  .CK)759S.  Ans.  30.71S902. 

(6.)  From  100.01  1  take  2.07568.  Ans.  97-93532. 


MLLTirLRATION  OF  UECI.MALS. 
Ul  LE.* 

Place  the  factors  under  each  other,  and  multiply  them  to- 
gether as  in  whole  nuini)ers. 

Then  jioint  oil"  as  many  tigures  from  the  ])roduct  as  there 
are  decimal  places  in  i)oth  the  factors;  observing,  if  there  be 
not  enough,  to  put  ils  many  ciphers  to  the  left-hand  of  theui, 
;ls  will  Mipply  the  deticiency. 

EXAMPLES. 

(1.)  Midtiply  42.35  (2.)  Multiply  .02.534 

bv  6.842  bv  .032.56 


8470  15201. 

16940  12670 

33880  50f>8 

25 1- 10  7602 


289.75870  .0O082507at  the  product. 


'  To  prove  the  truth  €>f  the  rule,  let  .977(>  and  .8i»:l  l>e  the  numbers 
to  Ik-  niultipli'il  •  ili>ii.  since  these  .ire  equivalent  to  ^jj,  anci  ^^,  it  fol- 
low-, tli.vt  i%Jmo}w  =  -^*^''»'>''  ''>■  '''I"  nature  of  notation: 
which  jiroii,  ^  ofa-s  many  plnccii  as  there  are  ciphers;  that  is,  of 
■<  many  places  a>  .ire  in  iK>tli  tlic  f.tctors,  .-igreeiihly  to  tlie  rule  :  and  the 
same  will  lie  found  to  be  true  of  any  two  luimbcn  wiiatcvcr. 
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(3.)  Multiply  79.347  by  23.15.  A?is.  1836.88305. 

(4.)  Multiply  .63478  by  .8204.  Ans.  .520773512. 

(5.)  Multiply  .385746  by  .00464.  Ans.  .00178986144. 

(6.)  Multiply  4.987642  by  .098765.  A?is.  .492604462130. 

(7.)  Multiply  3.8567  by  .0041.  Ans.  .01581247. 

CASE  II. 

To  contract  the  operation,  so  as  to  retain  only  as  many 
decimals  in  the  product  as  may  be  thought  necessary. 


Put  the  unit's  figure  of  the  multiplier  under  that  figure  of 
the  multiplicand  whose  place  is  the  last  to  be  retained  in  the 
product,  and  dispose  of  the  rest  so  that  they  may  all  stand  in 
a  contrary  order  to  that  in  which  they  are  usually  placed. 

Then,  in  multiplying,  reject  all  the  figures  to  the  right-hand 
of  the  multiplying  digit,  and  set  down  the  products  so  that  their 
right-hand  figures  may  fall  in  a  straight  line  directly  under 
each  other,  observing  to  increase  the  first  figure  of  every  line 
with  what  would  arise  by  carrying  1  from  5  to  14;  2  from  15 
to  24  ;  3  from  25  to  34,  &e.,  from  the  product  of  the  two 
preceding  figures,  when  you  begin  to  multiply ;  and  the  sum 
will  be  the  jiroduct  required. 

EXAMPLES. 

(1.)  It  is  required  to  multiply  27.14986  by  92.41035,  and 
to  retain  only  four  places  of  decimals  in  the  product. 
Contracted.  Common  icay. 

27.14986  27.14986 

53014.29  92.41035 


24434874 

13  574930 

542997 

81 44958 

108599 

2714  986 

2715 

108599;44 

81 

542997  2 

14 

24434874 

2508.9280 

2508.9280i650510 

(2.)  Multiply  245.378263  by  72,4385,  reserving  only  5 
places  of  decimals  in  the  product.  Ans.  17774.83330. 
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(3.)  Multiply    12P.fi7845   by  38.2463,   rcsrrvinfj  only   3 
placi's  of  tifcinials  in  tiic  product.  Ans.  4f)'Jl.i71-. 

(4.)   .Multiply   SH:^^.^75  by  843.7527,  reserving  only   the 
intrgt'rs  in  the  product.  Ans.  72S.3699. 

(5.)  Multiply  .2182f)4  by  .725234,  reser>ing  6  figures,  5 
figures,  aiid  4  figures  in  the  product  respectively. 

Ans.  .180aiy,  .18005,  and  .1800. 


DIVISION   OF   DIXniALS. 

KLLE.  • 

1.  Divide  as  in  whole  numbers,  and  point  off,  from  the 
right-hand  of  the  (puttient,  as  many  places  for  decimals,  as 
the  decimal  places  in  the  dividend  exceed  those  in  the  divisor  ; 
observing,  if  there  be  not  so  many  as  the  rule  requires,  to 
supply  the  ihfect  by  prefixing  ciphers. 

2.  If  there  .-hould  be  a  remainder  after  division,  or  more 
decimal  places  in  the  divisor  than  there  are  in  the  dividend, 
cjj)hers  may  be  annexed  to  the  dividend,  and  the  quotient 
carried  on  to  any  extent  required,  f 

AVote.  Tile  decimal  places  in  the  dividiiid,  when  necessary, 
must  always  l)e  made  tipial  to  those  in  the  divisor,  before  the 
operation  is  begun  ;  ami,  in  this  case,  the  quotient,  to  that 
extent,  will  be  a  whole  number. 

EXAMPLES. 

(1.)  (2.) 

.5  )  1 2.678945  1 .2  ).0 1 8279(> 


25..S.5789  .010233 


I  ho  n-asoii  of  pointing  off*  »%  many  decimal  places  in  the  quotient 

n^  ini'  plncin  ill  tltc  dividend  cxcoi-d  th«wc  of  the  divivir,  i*  evident;  for 
Mnc'.'  till-  niinjlKT  t)f  diviinal  jiIjicch  in  tlu-  dividend  is  eiiunl  to  thov.-  in 
the  <liviv)r  nnd  quotient  tnken  tofrethcr,  by  the  luituru  of  multiplication, 
it  fiillowx  that  the  quotient  contains  as  many  places  as  those  in  the  divi- 
dend exccetl  tlioso  in  tlie  diviMjr. 

f  .\nother  way  to  kn(»wr  tlu-  plnco  of  the  decimal  point  in  tJie  (]uotient. 
is  by  makinjj  the  first  figure  of  it  to  occupy  the  same  pince  of  integers 
i>r  doeimHis,  a.s  tli.it  figure  of  the  dividend  docs  which  standi  over  the 
place  of  units  of  the  first  prwluct. 
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(3.)  (4.) 

1 7.9).48624097(.027 1 643  .2685)27.0000(  1 00.55865 

1282  15000 

294  15750 

1150  23250 

769  17700 

537     .  15900 

000  24750 

&c.  &c. 

(5.)  Divide  2.345678  by  6.  Am.  .3909463,  &c. 

(6.)  Divide  17.084597  by  .024.  Ans.  711.858,  &c. 

(7.)  Divide  234.70525  by  64.25.  Afis.  3.653. 

(8.)  Divide  .8727587  by  .162.  Afis.  5.38739,  &c. 

(9.)  Divide  298.89  by  .1107.  A?is.  2700. 

(10.)  Divide  14  by  .7854.  Ans.  17-825,  &c. 


To  contract  the  rule  by  diminishing  the  divisor  at  everv 
step  of  the  process. 

RULE. 

Take  as  many  of  the  left-hand  figures  of  the  divisor  as  are 
equal  to  the  number  of  integers  and  decimals  that  are  to  be 
in  the  quotient,  and  find  how  many  times  they  will  go  in  the 
first  figures  of  the  dividend,  as  usual. 

Then  consider  each  remainder  as  a  new  dividend ;  and  in 
dividing,  leave  out,  continually,  one  figure  to  the  right-hand 
of  the  divisor,  remembering  to  carry  lor  the  increase  of  the 
figures  cut  off,  as  in  the  rule  for  contracted  multiplication, 
before  given. 

JYote.  When  there  are  not  so  many  figures  in  the  divisor  as 
there  are  to  be  in  the  quotient,  begin  the  operation  with  all  the 
figures  as  usual,  and  continue  it  until  the  number  of  figures  in 
the  divisor,  and  those  that  remain  to  be  found  in  the  quotient, 
are  equal ;  after  which,  use  the  method  of  contraction  above 
described. 

EXAMPLES. 

(1.)  Divide  2508.928065051  by  92.41035,  so  as  to  have 
only  4  places  of  decimals  in  the  quotient. 
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(1.) 

Cotitrcuted  J \  aif. 

92.4 1 035)'250S.J»i>SO(350.3 1  (27. 1 498 

660721 

13849 

kJOS 

912 

80 

6 

Common  }iui/. 
92.4 1 035)2oOS.92SO(i.505 1  (27 . 1 498 
G60721(Xi 
I3S4S,(il.5 
46071.5800 
911  16605 
79;472901 
55^t4621 

(2.)  Divide  721.17.162  by  2.257132,  so  as  to  rotain  only  3 
places  of  <lt'cimals  in  tlio  (jiintient.  Aiis.  319.167. 

(3.)  Divi»l»;  12.I69S25  by  .3.1  tl.)9,  so  as  to  preserve  only 
5  places  of  decimals  in  the  ({iioticnt.  ^4;^.  3.87377. 

(4.)  Divid.'  87.076326  l)y  9.365407,  so  as  to  preserve  only 
7  places  of  decimals  in  the  (juotient.  Aiis.  9.2976553. 

(5.)  Divide  40.076745  by  2.95S6,  so  as  to  retain  the  in- 
tegers otdy  in  the  (juotient.  A/is.  13. 


IIKDUCTION  OF  DLLlM.VLS. 
C.\.SE   I. 

To  reduce  a  vulgar  fraction  to  iis  e<|uivalent  decimal. 

RULE.* 

Annex  as  many  ciphers  to  the  numerator  as  may  hv  tlionpht 
necessary;  then  ilivide  by  the  ilenominator,  and  point  off  iis 


*  L«t  the  g\\en  vulf^ar  fractiun,  of  wliich  tlic  <Ii.-ciirui]  cxpiwkioii  is 
requirwl,  Ik-  fj.  'Du-ti,  sinco  every  lii-ciiiial  fniclion  Iioh  10,  100,  or 
l(KK\  &c.  fur  its  denuminatur,  and  that  the  (li-i)oii)inator  uf  one  oT  two 
e(]iuil  fractions  is  to  its  numerator,  as  the  denoniinutor  ot'  the  other  to  it\ 
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many  decimal  places  in  the  quotient  for  the  answer,  as  there 
were  ciphers  annexed. 

EXAMPLES. 

(1.)  Reduce  -J^  to  a  decimal. 

4)5.000000 


6)1.250000 


.208333,  &c. 


(2.)  Reduce  i,  i,  and  f  to  decimals.   A7is.  .25,  .5,  and  .75. 
(3.)  What  is  the  decimal  value  of  ^  ?  Ajis.  .375. 

(4.)  Required  the  decimal  value  of  J3.  Ans.  .04:. 

(5.)  Required  the  decimal  value  of  ^^-^        Ans.  .015625. 
(6.)  Let  3^:^^  be  expressed  decimally.  Ans.  .071577. 

(7.)  Let  -j^^  be  expressed  decimally.         Ans.  .0075231. 


•^f  11         xu  .  T^  .  »        ,^^^  o         7  X  1000  &c.      7000  &e 
numerator;  it  follows  that  13  :  7  ::  1000  &c.  : 


IS  13 

=  .53846,  the  numerator  of  the  decimal  required;  which  is  the  same  as 
by  the  rule. 

If  the  right  hand  figure  of  the  denominator  of  the  fraction  to  be  re- 
duced be  an  even  number,  a  0,  or  a  5,  the  quotient  will  consist  of  some 
exact  number  of  decimals ;  but  if  it  be  either  3,  7,  or  9,  there  will  al- 
ways be  a  remainder  after  division  ;  and  consequently  the  decimal  will 
never  terminate.  In  such  cases,  therefore,  the  division  may  be  con- 
tinued to  as  many  places  of  figures  only  as  are  thought  necessary. 

The  following  method  of  converting  a  vulgar  fraction,  of  which  the 
denominator  is  a  prime  number,  into  a  decimal,  consisting  of  a  great 
number  of  figures,  is  given  by  Colson,  page  1 62  of  his  Commentary  on 
Newton's  Treatise  of  Fluxions. 

EXAMPLE. 

Let  4g  be  the  fraction  which  is  to  be  converted  into  an  equivalent 
decimal. 

Then,  by  dividing  in  the  common  way,  till  the  remainder  becomes  a 
single  figure,  we  shall  have  Jjj  =  .03448;,|  for  the  complete  quotient;  and 
if  this  equation  be  multiplied  by  the  numerator  8,  it  will  give  ^  = 
.27584^§,  or  rather  5*^  =  . 275 SG|g  ;  which  being  substituted  for  the  frac- 
tion in  the  first  equation,  will  make  ^j'j  =  . 0344827586^.  Again,  let  this 
equation  be  multiplied  by  6,  and  it  will  give  s|  =  . 206896551 7.^^ ;  and, 
therefore,  by  substituting  as  before,  J5  =  ,O344S2"7586206S965517r7j ;  and 
so  on,  for  any  number  of  figures. 
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CASE  n. 


To  reduce  minibcrs  of  different  denominations  to  their  equi- 
valent decimal  values. 


RILE.' 

Kciiuce  botli  tlie  given  nuniher  and  tin-  ititeger  to  wliicii  it 
is  referred,  to  the  same  denomination  ;  then  divide  the  former 
of  tliese  by  the  latter,  as  in  the  case  of  a  vulgar  fraction,  anil 
the  quotient  will  be  the  equivalent  decimal  reijuired. 

Or, 

Write  the  given  numbers  perpendicularly  under  each  other, 
in  ord»T,  from  the  hast  to  the  greatest,  for  dividends. 

Then,  oppositi'  to  each  dividend,  on  the  left-hand,  place 
such  a  nunibtr  for  a  divisor  as  will  bring  it  to  the  next  superior 
denomination,  and  draw  n  line  between  them. 


■  The  renson  of  this  rule  may  be  explained  from  the  first  example  ; 
thus  three  farthings  15  -]  of  a  penny,  which,  brought  to  a  decimal  is  .75  ; 
cons4.H|uently  '.»-^</.  may  In.'  expri-^^cd  by  i».7.'>i/.  ;  but<>.7.)  is  \li  of  a  penny, 
or  ^l^  of  a  shilling,  which,  when  brought  to  a  di-ciinal,  is  .Sl'J.i  ;  and 
therifore  I.^ji.  !»J</.  may  In?  expre^v<l  by  I.'i.Sl'.'.Ss.  ;  in  like  manner, 
15.8r.'j.<.  ~\^*^1>  of  a  »hilling  =  ^,?^?^  of  a  pound,  which,  by  bringing  it 
to  a  decimal,  is  =  .7 '.KV ;•_'.)/.  us  by  the  rule. 

It  may  here,  .ilso,  l>e  further  ol>vrvcd,  that  the  decimal  value  of  any 
nundier  of  shillings,  pence,  and  farthings  can  be  found  by  inspection,  as 
follows  : 

I'ut  down  half  the  greatest  eren  number  of  shillings  ftir  the  first  di-- 
cimal  figure,  and  the  fartiiings  in  the  given  pence  and  farthings  possess 
the  second  and  third  places  ;  ol>serving  to  increase  the  second  plare  by  .'>. 
if  tlie  shillings  are  odd,  and  the  third  place  by  I,  when  the  farthings  e\- 
ceeil  I'J,  and  by  '2  wlien  they  exceed  37. 

'Ilius  the  value  of  15«.  8^  in  the  decimal  |)«rts  of  a  pound,  will  be 
found  as  below  : 

.7      -Jo/ 14*. 
.05  for  the  odd  »hiBing. 
.CH-t  ^  forth  imps  in  H^. 
.001  for  the  tsrru  of  I  i 

.785  =  dtrimal  rtqvirtd. 
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This  done,  begin  with  the  uppermost  number,  and  set  down 
the  quotient  of  each  division,  as  decimalparts,  on  the  right-hand 
of  the  dividend  next  below  it ;  and  proceed  in  this  manner  to 
the  last  quotient,  which  will  give  the  answer  as  before. 

EXAMPLES. 

(1.)  Reduce  15^.  9|rf.  to  the  decimal  of  a  pound. 
Here  I5s.  9%d.^1 59  farthings,  and  20s.=9Q0farthi7igs. 
Whence  ^f  §:=.790625,  the  decimal  required. 

Or, 

4  3.00 


12  9.7500 
2015.8125 

.790625  the  ansicer,  as  before. 


(2.)  Reduce  9*.  to  the  decimal  of  a  pound.  Ans.  .45. 

(3.)  Reduce  19*.  5\d.  to  the  decimal  of  a  pound, 

Ans.  .9729166. 

The  reason  of  which  rule  may  be  shown  thus :  As  shillings  are  so 
many  20ths  of  a  pound,  the  half  of  them  must  be  so  many  lOths,  and 
consequently  will  occupy  the  place  of  lOths  in  the  decimals;  but  when 
they  are  odd,  their  half  will  always  consist  of  2  figures,  the  first  of  which 
will  be  half  the  even  number,  next  less,  and  the  second  a  5  ;  which  con- 
firms the  rule  as  far  as  it  respects  shillings. 

Again,  farthings  are  so  many  9G0ths  of  a  pound  ;  and  had  it  happened 
that  1000,  instead  of  9B0,  had  made  a  pound,  it  is  plain  that  any  number 
of  farthings  would  have  made  so  many  thousandths,  and  might  have 
taken  their  place  in  the  decimal  accordingly  :  but  960  increased  by  ^ 
part  of  itself  is  =  1000  ;  consequently  any  number  of  farthings,  increased 
by  their  J^  part,  will  be  an  exact  decimal  expression  for  them  :  whence,  if 
the  number  of  farthings  be  more  than  12,  a  J^  part  is  greater  than  i,  and 
therefore  1  must  be  added;  and  when  the  number  of  farthings  is  more 
than  37,  a  ^'^  part  is  greater  than  lyi.  for  which  2  must  be  added;  and 
thus  the  rule  is  shown  to  be  just. 

The  reverse  of  this  rule,  or  method  of  finding  the  value  of  any  deci- 
mal parts  of  a  pound  by  inspection,  is  also  as  follows  : 

Double  the  first  figure,  or  place  of  tenths,  for  shillings,  and  if  the 
second  be  5,  or  more  than  r>,  reckon  another  shilling ;  then  call  the 
figures  in  the  second  and  third  places,  after  5  is  deducted,  so  many  far- 
things, abating  1  when  they  are  above  12,  and  2  when  above  37,  and  the 
result  will  be  the  answer. 
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(1-.)  Keduce  2qrs.  It-  lb.  to  the  decimal  of  a  cwt. 

Alls.  .625. 
(5.)  Reduce  3  qrs.  2  iia.  to  the  decimal  of  a  yard. 

Ans.  .875. 
(tJ.)   Ht'ducf  17  yds.  1  It.  (i  ill.  to  thf  (h-cimal  of  a  mile. 

Ans.  .00994318. 
(7.)  Reduce  1  rd.  1  I  po.  to  tlu-  dicinud  of  an  acre. 

Ans.  .3375. 
(S.)  Reduce  1  gall,  of  wine  to  the  decimal  of  a  hhd. 

Ans.  .015873. 
(9.)   Reduce  3  bu.  1  peck  to  the  decimal  of  a  quarter. 

A /IS.  .i0625. 
(10.)  Reduce  10  \vk.  'J  da.  to  the  decimal  of  a  year. 

Ans.  .197802. 
(11.)   Reduce  lOoz.  ISdwts.  KJgrs.  to  the  decimal  of  a  lb. 

.!«*.  .911111. 

CASE   111. 

To  find  the  value  of  any  given  decimal  in  ttruis  of  the 
integer. 

RULE. 

Multiply  the  given  decimal  by  the  number  of  parts  in  the 
next  less  denondnation,  and  point  off  as  many  places  to  the 
right-hand  as  tlure  are  places  in  the  decimal. 

Then  multiply  the  figures  so  pointt'il  ofl',  by  the  part:*  in 
the  next  inferior  deiioniination,  reser\ing  as  many  places  to 
the  right-hand  as  before  ;  and  i)roeeed  in  this  manner  through 
all  the  denominations  to  the  hist,  when  the  several  figures 
standing  on  the  left  of  the  decimal  point  will  be  the  answer 
required. 


Tlius,  the  value  of  .785/.  may  be  fuiind  by  inspcctiun,  as  Ik-Iow. 
I4s.   .   .     =  douhUof'i. 
\$.    .    .    for  the  .5  I*  tkt  piaet  of  trntA*. 
0».    8jf/.    =    ^5  fartkimti$. 
0».      jrf.  for  the  excess  of  1  'J,  abtilrti. 


I  St.  syi.  the  amttrer. 
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EXAMPLES. 

(1.)  Find  the  value  of  .37623  of  a  pound. 
20 


Shillings  7.52460 
12 


Pence  6.29520 
4 


Farthings  1.18080  Ans.  7s.  G^d. 

(2.)  What  is  the  value  of  .625  of  a  shilling  ?        Ans.  7-k?. 
(3.)  Required  the  value  of  .83229  of  a  pound. 

Ans.  16s.  7 id. 
(4.)  Required  the  value  of  .6725  of  a  cwt. 

Ans.  2  qrs.  19  lb.  5  oz. 
(5.)  What  is  the  value  of  .61  of  a  pipe  of  wine  ? 

A?is.  1  hhd.  13  gal.  3  qts. 
(6.)  What  is  the  value  of  .0625  of  a  barrel  of  beer  ? 

A71S.  2  gallons,  1  quart. 
(7.)  Required  the  value  of  .67  of  a  league  ? 

Ans.  2  mi.  0  fur.  3  po.  1  yd.  3  in.  1  be. 
(8.)  Required  the  value  of  .42857  of  a  month  ? 

Ans.  1  we.  4  da.  23  ho.  59  min.  56  sec. 
(9.)  It  is  required  to  find  the  value  of  .785  of  a  year,  con- 
sisting of  365^  days.  Ans.  286  da.  17  ho.  184  min. 


RULE  OF  THREE  IN  DECIMALS. 


State  the  question  as  in  the  common  rule  of  three,  and 
reduce  the  inferior  denominations  of  such  of  the  terms  as  are 
compound,  to  the  decimal  parts  of  their  integer,  and  the  first 
two  terras  to  the  same  denomination. 

Then  multiply  the  two  last  terms  of  the  proportion  together, 
and  divide  the  product  by  the  first  term,  and  it  will  give  the 
answer,  in  the  same  denomination  that  the  last  term  was  re- 
duced to. 


RLLK    OK    TUHKF.    IV    DECIMALS.  115 

EXAMPLES. 

(I.)  What  is  tlif  value  of  57 }  yards  of  muslin,  at  11.?.  (]d. 
per  ell  ? 

1. '_',')  vil.    :    57-75  yds.    :  *.     11.5*. 
11.5 
To  Hud  the  decimals. 

4):j,oo 

,75=^ 


i2V;,o 


.5  =  VV 


'28875 

5775 

5775 

(20) 

1.25)Gr,+.l'i5 

(  .5:u..*j 

625 

.€  26.565 

20 

Anell=llyd.  375 

01,0 


—  162 

,25=1  125 


'^2'  *."H,300 

12 

dl  3,600  Ans.  26/.  1 1*.  3^^/. 

4- 

f(ir.2A00 


:C5 

.-.   li  yd.=  1.25  yds.         .'{75 


(2.)  Ifanoz.  of  silver  cost  .j.v.  6</.  whatisthe  price  of  a  tankard 
that  weifjhs  1  lb.  10  oz.  lOdwts.  i  pr.  ?  Ans.  6/.  3*.  9J//. 

(3.)  If  I  buy  1 1- yards  of  cloth  for  10  guineas,  how  many 
ells  Flemish  can  I  purchase  for  2S3/.  17«.  6r/.  at  the  same 
rate  ?  A/is.  50i  ells,  2  qrs. 

( t.)  What  is  the  value  of  a  pack  of  wool,  weighing  3  cwt.  2(irs. 
191b.  at  1/.  2.V.  G(I.  ])er  tod  of  1  V  lb.?  Ans.  .33/.  O.v.  7(f. 

(5.)  If  250/.  lO.v.  gain  12/.  lO.v.  (it/,  in  12  months,  what  prin- 
cipal will  gain  an  ecpial  sum  in  7'.  months?      Ans.  1(X)/.  16.S. 

(6.)  How  many  Knglish  ells  of  Holland  may  be  bought  for 
25/.  18.V.  1 1^/.  at  7.*.  91'/.  per  yard  ?     Ans.  53  Kng.  ells,  1  (|r. 

(7.)  If  the  carriage  of  M.  ewt.  of  goods,  ft)r  .'50  miles,  cost 
1/.  '2s.  [)/i.,  how  far  can  I  have  1  l-|  cwt.  carried  for  the  same 
money  ?  Ans.  15  miles,  6  fur.  12  po.  2  y<ls.  If.  II  in. 

(S.)  If  1  Eng.  ell,  2  qrs.  of  muslin  co.st  4v».  7'/-,  what  will 
39A  yards  co.st  ?  Ans.  5l.  t\s.  5  \d.  \. 

(9.)  Bought  12  pockets  of  hop.s,  each  weighing  1  cwt  2qr8. 
17  lbs.,  what  do  they  come  to  at  51.  \s.  \d.  jter  cwt? 

Ans.  100/.  8*.  6}d. 
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Cirrulating  Berimalsi* 

Circulating  or  Recurring  Decimals,  are  such  as  are 
distinguished  by  the  continual  repetition  of  the  same  figure  or 
figures.* 

1.  A  simple  circulate,  or  repetend,  is  that  where  one  figure 
onlj^  is  repeated,  as  .111  &c.  or  .333  &c. ;  which  are  denoted 

by.iand.3. 

2.  A  compound  circulate,  or  repetend,  is  that  which  has  the 
same  figures  circulating  alternately  ;  as  .0101  &c.  .123123  &c. 
which  are  denoted  by  .01  and  .123. 

3.  A  mixed  circulate,  or  repetend,  is  that  which  has  other 
figures  in  it  besides  those  that  are  repeated  :  as  .28333  &c.  and 

5.2321321  &c.;  which  are  represented  by  .283  and  5.2321*. 


REDUCTION  OF  CIRCULATING  DECIMALS. 

case  I. 
To  reduce  an  unmixed  simple  or  compound  repetend  to  its 
equivalent  vulgar  fraction. 

RULE,  f 

Take  the  significant  figures  in  the  given  decimal,  considered 
as  whole  numbers,  for  the  numerator,  and  as  many  nines  as 


*   Circulating  decimals  are  produced  from  such  vulgar  fractions,  as,  when 

tlieir  numerators  are   divided    by   their    denominators,    will    never  ter- 

„     2.0000  &c.  „  ,.    ^   .  ,,     3.000000  &e. 

mniate;  thus  §= =  .666&c.  ad  infinitum,  a.nai= 

3  *  t 

=  .428571428571  &c.,  where  the  figures  428571  will  be  repeated  without 

end. 

And  although  the  repetends  of  many  expressions  of  this  kind  will  con- 
sist of  a  great  number  of  figures,  yet  every  circulating  decimal  whatever 
is  equal  to  some  vulgar  fraction,  and  vice  versa. 

f  If  unity,  with  ciphers  annexed  to  it,  be  divided  by  9  ad  infinitum, 
the  quotient  will  be  1  continually ;   i.  e.  if  i  be  reduced  to  a  decimal,  it 

will  produce  the  circulate  .  1  ;  and  since  .  1  is  the  decimal  equivalent  to 

i,  we  shall  have  -'2  =  2,  .'3=§,  and  so  on  till  .9  =  |  =  1. 

Hence,  every  single  repetend  is  equal  to  a  vulgar  fraction,   whose 

numerator  is  the  repeating  figure,  and  denominator  9. 
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llierc  arc  recurring  places  in  the  repctend  for  the  d(>noininator ; 
observini;  only,  that  when  there  are  any  integral  figures  in  the 
circulatf,  as  many  ciphers  must  be  annexed  to  the  numerator 
as  the  iiighest  place  of  the  repetend  is  distant  front  the  decimal 
point. 

EXAMPLES. 

(I.)  UequireU  the  least  vulgar  fraction  that  is  equal  to  .6. 

Here  .6=?,=  *,  the  answer. 
{^1.)  Required  the  least  vulgar  fraction  that  is  equal  to  .86. 
Here  .!J6=55=i*r»  '^'^  answer. 

(8.)  It  is  required  to  reduce  .3  to  its  equivalent  vulgar 
fraction.  Ans.  \. 

(  ^.)  It  is  required  to  reduce  .09  to  its  least  equivalent  vulgar 
fraction.  Ans.  -j'^. 

(.5.)  It  is  required  to  reduce  .IH  to  its  equivalent  vulgar 
fraction.  Ans.  ^. 

(6.)  Required  the  least  vulgar  fraction   that  i'^  erpial  to 

.769'2:i6.  Ans.  Y} 

(7.)  It  is  required  to  reduce  2.06  to  its  equivalent  vulgar 

fraction.  Ans.  %f^'. 

(8.)  It  is  required  to  reduce  .142857  to  its  least  equivalent 

vulgar  fraction.  Ans.  \. 

(9.)  It  is  required  to  reduce  42.63  to  its  equivalent  vulgar 
fraction.  Ans.  i-^^;^ 

CASE  II. 

To  reduce  a  mixed  circulate  or  repetend  to  its  equivalent 
vulvar  fraction. 


.■\g.iiii.  ,,j  ;ia(l  ^  being  reduced  to  dcriinaK  make  X>IOIOI  *c.  and 
.001001  iW.  ltd  infinitrnm.  which  mn.>x>.01  and  .OOI  ;  that  U,  A».01  and 
,|,a.001  ;  consequently  ^  =  .6'-';  ^',-.0:1  Ac;  and  J^wSXtii  J^tm 
jbOA  &c.;  and  the  same  will  bold  uni%enall}. 
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RULE.* 

Subtract  the  finite  part  of  the  expression,  considered  as  a 
whole  number,  from  the  whole  mixed  repetend,  taken  in  the 
same  manner,  for  the  numerator;  and  to  as  many  nines  as  there 
are  repeating  places  in  the  circulate,  annex  as  many  ciphers 
as  there  are  finite  decimal  places  for  the  denominator. 

EXAMPLES. 

(1.)  What  is  the  vulgar  fraction  equivalent  to  .138  ? 

T„A     138—13     125      5   ,7 

.138= = ^  ^  t/ie  answer, 

900         900     36 

(2.)  Required  the  vulgar  fraction  equivalent  to  2.418. 

2418-24     2394     1197     133     ^23^, 

= := = =2 —  the  answer. 

990  990      495       55        55 

(3.)  Required  the  least  vulgar  fraction  equivalent  to  .02b'. 

„„^     26-2      24        8        2   ,; 

.026= = = = —  the  answer. 

900       900     300     75 


*  The  reason  of  the  rule  for  a  mixed  circulate,  is  similar  to  that  for  a 
simple  one;  for  if  we  consider  it  as  separated  into  its  finite  and  ciicu- 
lating  parts,  the  same  principle  will  be  seen  to  run  through  them  both. 

Thus  the  mixed  circulate  .16  consists  of  the  finite  decimal  .1,  and  the 
repetend  ,06:  but  .1  =^5,5,  and  ,06  =  . 1  x.6  =  ^x|  =  g6_,  whence  the  deci- 
mal .16   is  equal  to  ■nj  + g5  =  gg  + §*g  =  gi  =  — 5^-j  ^hich  is  the  same  as  by 

the  rule ;  and  a  similar  mode  of  reasoning  will  hold  in  all  other  cases. 

It  may  here  also  be  observed,  that  the  truth  of  the  answer,  in  either  of 
these  rules,  may  be  proved,  by  converting  the  vulgar  fraction  into  its 
equivalent  decimaL 

If  it  sliould  be  required  to  find  whether  the  decimal  equivalent  to  a 
given  vulgar  fraction  be  finite  or  infinite,  and  how  many  places  the  repe- 
tend will  consist  of,  it  may  be  done  by  the  following  rule  : 

Reduce  the  given  fraction  to  its  least  terms,  and  divide  the  denominator 
by  10,  5,  and  2,  in  their  order,  each  as  often  as  possible;  tlien  if  the 
whole  denominator  vanish,  after  these  divisions,  the  second  will  be  finite; 
as  is  alsvays  the  case  with  every  vulgar  fraction,  whose  denominator 
is  2,  5,  or  their  multiples.  But  if  there  be  a  remainder,  divide  9999  lie. 
by  the  result  last  obtained,  till  nothing  remains,  and  the  number  of 
9's  used  will  show  the  number  of  places  in  the  repetend  ;  which  will 
begin  after  as  many  places  of  figures  as  there  were  lO's  5's,  and  2's 
divided  by. 

The  reason  of  which  rule  may  be  shown  thus  : 

In  dividing  1.0000  &c.  by  any  prime  number,  except  2  or  5,  the  figures 
in  the  quotient  will  begin  to  repeat  over  again   as  soon  as  the  remainder 
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(i.)  What  is  the  least  vulvar  fraction  equivalent  to  .53  ? 

Ans.  I\. 
(5.)  What  is  the  least  vulgar  fraction  equivalent  to  ..3925  ? 

A  US.  ^i. 
(6.)  Required  the  least  vulgar  fraction  equivalent  to  .00987. 

A"^'  T^f  or.- 
(7.)  Re<iuired  the  least  vulgar  fraction  equivalent  to  4.754-3. 

Ans.  i;^^6. 

(S.)  What    is    the    least    vulgar    fraction    equivalent    to 

,OOSt97133?  Ans.r,^-!-., 

ADDITION   OF  (  IIU  LI.ATING    DECHIALS. 
RULE. 
Convert  the  givni  drcinials  into  thrir  equivalent  vulgar  frac- 
tions, by  the  nu-thotls  already  explained,  ami  find  their  sum 

b  I ;  and  since  9999  &c.  is  leu  than  1 0000  Sec.  by  I ,  therefore  9999  &c. 
divided  l)_v  iiiiy  numlnT  except  'Jnnd  5,  or  their  miilti|)les,  will  leave  0  for 
I  reni.-iindcr,  when  the  re|K'atinjj  figures  are  at  that  perioi).  Hut  what- 
ever iiiinil>er  of  refK-atinp  fipnres  we  have  when  the  dividend  is  1,  there 
will  be  exactly  the  same  nutnl>cr  when  the  dividend  is  any  other  number; 
For  the  proiluct  of  any  circulatmg  nun>l>er,  by  any  other  given  number, 
Mill  consist  of  the  vime  nunilier  of  repeating  fignns  as  iK-fore. 

Tini',  let  .^OT'j.iOTd"  &c.  Ih?  a  circulate  whose  rejMSiting  part  is  5076  : 
then  every  r»;|)ctend  (507 ♦>)  l>ciiig  equally  multiplied,  mu.st  pro<luce  the 
Mine  product  :  for  though  these  prinlucts  will  consist  of  more  places  vet 
ihc  overplus  in  eacli,  Iwing  similar,  will  be  carried  to  the  next,  by  wl)icli 
means  each  priKluct  will  be  ei|iially  increased,  and  conse<{uently  cverv 
four  places  will  continue  alike;  and  the  same  will  hold  for  any  otlier 
tiumber. 

Hence,  it  ap|>ears,  that  the  dividend  may  be  altered  at  pleasure,  pro- 
vided it  be  still  prime  to  the  denominator,  and  the  numl>er  of  places  in 
the  reiH'tend  will  still  be  the  same;  thus  ,l,  =  .09,  and  •,\.  or  ^'j  x  .S  =  .'i7, 
where  the  numln'r  of  places  in  each  are  alike :  and  the  same  will  be  true 
in  all  other  instanc<-s. 

The  rule  is  chivtiy  of  use  in  certain  cases  where  the  determiiiation  of 
the  re|H-tend,  by  common  division,  when  it  consists  of  a  great  number 
of  places  would   be   tiiund    very    troublesome  ;  as    for  instance,   in   con- 

^I'ltiiig  ^j  to  its  e<]uitalent  circulating  decimal,   which  is«.00:l-l48'i75 

'O'i.i/jl  7'_M1  :?71»:H  :  anil  other  fractions  might  Ik*  given,  where  the 
ifing   figures   of  its   equivalent   decimal   would  Ih'  still  more  nume- 
rous ;  hut   every    vulgar    fraction    whatever    is   i<<|iuil    to   s»>me  decimal  ; 
which  ii  cither  iiiule,  or  a  simple,  (om|iound,  or  mixed  rcpelvnd. 
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according  to  the  rule  for  the  addition  of  vulgar  fractions ;  then 
this  sum,  reduced  to  decimals,  will  give  the  answer  required. 

EXAMPLES. 

(1.)  It  is  required  to  add  together  .3  and  .135. 

Here  .3  =  ^=^,  and  .135=1^=^^= A. 
9     3  999     333     37 

Whence  J  + J^=?I±i^=_^=468.  the  answer. 
6     61         111         111 

(2.)  Required  the  sum  of  .36  and  .09.  Ans.  .45. 

(3.)  Required  the  sum  of  .6  and  .14.2857.     Ans.  .809523. 
(4.)  Required  the  sum  of  .3,  .945,  and  .769230. 

Ans.  2.048508. 
(5.)  Required  the  sum  of  67-345,  8.621,  .24,  and  .8. 

Ans.  77.09828009. 
(6.)  Find  the  sum  of  .5,  .25,  17.47,  9.651,  and  67.345. 

Ans.  95.28296478, 


SUBTRACTION  OF  CIRCULATING  DECIMALS.* 
RULE. 

Convert  the  given  decimals  into  vulgar  fractions,  as  in  ad- 
dition, and  find  their  difference  according  to  the  rule  for  the 
subtraction  of  vulgar  fractions  ;  then  this  difference,  reduced 
to  a  decimal,  will  be  the  answer  required. 

EXAMPLES. 

(1.)  Find  the  difference  of  4.75  and  .375. 

375-37     338     169 


Here  4.75=4f,  and  .375=- 


900         900     450 


1 6Q  3^7 

Hence  44  — =  4 =  4.374  the  answer. 

*     450         900 


*  As  the  circulates,  both  in  this  rule  and  those  of  addition,  multi- 
plication, and  division,  are  converted  into  vulgar  fractions,  the  reason  of 
the  operations,  in  each  of  these  cases,  is  obvious  ;  and  thouj^h  they  are 
not  so  concise,  in  some  cases,  as  those  arising  out  of  the  rules  given  by 
several  authors  on  this  subject,  it  is  presumed  that  they  will  be  found 
more  clear  and  satisfactory  to  the  learner. 
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(2.)  From  i'iT  take  mi.  Am.  .Sy.*}. 

(3.)  From  'it.P,St  Uike  9.07'i.  Arts.  \ 5.312. 

(i.)  From  H'i.SoWi  take  8.72.  ^/i*.  71-.  1274. 

(5.)  From  \76.:V2  take  81-.7697.  ^".f-  391. .5524. 

(6.)  From  3..si(ii  take  .0382.  Ans.  3.81824.. 

(7.)  From  127.4-627  take  4-8.6.  Ans.  78.814-0. 


MLLTirLICATlON   OF  ClKL  L  LA  TINC    DECIMALS. 
RULE. 

Convert  both  the  factors  into  their  equivalent  vulgar  frac- 
:ions,  anil  fimi  the  product  of  tliose  fractif)ns  as  usual ;  then 
peiluci'  the  vulgar  traction,  expressing  the  product,  to  an 
jquivulcnt  decimal,  and  it  will  l>c  the  answer  reijuired. 

EXAMPLES. 

(1.)  .Multiply  .3(3  by  .23. 

And  .23=     . 
90 

4.      O't      qo         ... 
Hence       x"   =        =.092  f  he  product. 
11     90     990 

{^2.)  Multiply  37.2.3  by  .2^.  Ans.  9.<>28. 

(3.)  Multiply  7.^2  by  .297.  Ans.  2.297. 

(i.)  Multiply  3.973  by  8.  Ans.  31.781. 

(5.)  Multiply  857 1.3  by  87.5.  Ans.  750730.518. 

(6.)  Multiply  •l-8.7()  by  32.1-i.  Ans.  1580.1696. 

(7.)  .Multiply  39610  by  .70503.  Ans.  279t7.('i<5S67. 

(8.)  Multiply  7M)3(J7  by  t.75.  Anji.  352.0856i. 

(9.)  Multiply  421.12*1  by  .002.  Ans.  .93642ai7608. 
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DIVISION  OF  CIRCULATING  DECIMALS. 


Convert  both  the  divisor  and  dividend  into  their  equivalent 
vulgar  fractions,  and  find  their  quotient  as  usual ;  then  reduce 
the  vulgar  fraction,  expressing  this  quotient,  to  its  equivalent 
decimal,  and  it  will  be  the  answer  required. 

EXAMPLE. 

(1.)  Divide  .6  by  2.3. 

jj       A     6     2         ,  „•      23-2     21     7 

Here  .6  =  -=-,  and  2.3  = =__  =  l. 

9     3  9  9      3 

2  7     2     3     *? 
Hence  --^^="x-  =  "=  .2^511'^,  the  a7iswer. 

3  3     3     7     7 

(2.)  Divide  3394.626  by  764.5.  Ans.  4.44. 

(3.)  Divide  .042  by  .036.  Ans.  1.145. 

(4.)  Divide  6.18810  by  4.297.  Ans.  1.44. 

(5.)  Divide  5.7648  by  .68.  Ans.  8.47. 
(6.)  Divide  234.6  by  .7                              Ans.  301.714285. 

(7.)  Divide  1327.8719  by  7.684.  Ans.  172.8. 

(8.)  Divide  41.9717  by  34.12.  Ans.  1.23. 


Duodecimals,  or  Cross  Multiplication,  is  a  rule  made  use 
of  by  workmen  and  artificers,  for  finding  the  contents  of  their 
works. 

In  which  cases,  the  dimensions  are  usually  taken  in  feet  and 
inches,  and  the  contents  are  estimated  in  square  feet  or  square 
inches. 


*  Duodecimals  are  fractions  whose  denominators  are  12,  or  its  mul- 
tiples :  the  division  and  subdivision  of  the  integer  being  12ths,  instead  of 
lOths,  as  in  the  decimal  scale;  so  that  what  are  commonly  called  inches, 
in  any  result,  are  so  many  12ths  of  a  square  foot;  the  parts  so  many 
square  inches,  or  1 44ths  of  a  square  foot,  and  so  on. 
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Several  kinds  of  artificer's  work  are  eoniputed  h\  dirierent 
measures,  viz. 

1.  (ilazitij;  and  mason's  Hatwork,  by  the  foot. 

'2.   Paintin*:,  pavinjr,  plastrrin;;,  S:c.  by  the  yard. 

3.  Partitioning,  flooring,  rooting,  tiling,  t^e.  bv  the  square 
of  KK)  feet. 

i.  Hriekwork,  <.^-e.  by  tlie  rod  of  \G\  feet,  the  square  of 
R'hieli  is  'iT'^i'.. 

\ntr.  l?ricklayt'i-»j  always  value  tluir  work  at  the  rate  of  a 
brick  and  a  half  tliiek  ;  and  if  the  wall  be  more  or  less,  it  must 
ie  reduced  to  that  thickness. 


1.  Set  the  two  dimensions  that  are  to  l)o  multijdied  toge- 
;her,  one  umhr  the  other,  so  that  feet  may  stand  under  feet, 
nches  undir  inches,  tie. 

2.  Multiply  t-acli  term  in  the  multiplicand,  beginning  at  the 
owest,  by  thi'  feet  in  the  multiplier,  and  set  the  results  under 
heir  corresponding  terms,  observing  to  carry  1  for  every  12, 
rom  each  lower  denomination  to  the  one  next  higher. 

'X  Multiply,  it)  like  manner,  all  the  terms  of  the  multiplicand 
»y  the  inches  in  the  midtiplier,  and  set  the  result  one  place 
arther  to  the  right  than  that  of  the  product  by  the  feet, 
arrying  1  for  every  12,  as  befon' ;  aiu!  so  on,  for  anv  lower 
'('nomination  :  then  the  sum,  found  as  in  compound  addition, 
rill  be  the  answer  requin-d. 

Or,  instead  of  multiplying  by  the  several  denomitiations,  as 
hove,  take  such  alicpiot  parts  of  the  multiplicand  as  there 
re  of  a  foot,  and  add  the  several  results  together,  as  before, 
i)r  tiie  answer. 

EXAMPLES. 

(1.)  Multiply  i  ft.  T  in.  by  G  ft.  +  in. 

+  ft.  Tin.  Or    i  ft.  7  in. 

6  ft.  +  iji.  (J 


1       (5        I  4  iiu  '     1 


29  ft.  0  in.  t  pts.  (lie  Atis. 


G  2 


27 
1 

G 

1 

P'- 

2*»  ft. 

Oin. 

i 

pts.  Alls, 
an  before. 
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(2.)  Multiply  13  ft. 

DUODECIMALS. 

3f  in.  by  5  ft.  5i  in 

13  ft.  3|  in. 
5 

4  in. 
1  in. 
iin. 

66 

Jr     0 

6i 
6H 

72  ft.  74-J-  in.  Ans. 


(3.)  Multiply  9  ft.  6  in.  by  4  ft.  7  in.  ^«s.  43  ft.  6,V  in. 
C4.)  Multiply  12  ft.  5  in.  by  6  ft.  8  in.  Afis.  82  ft.  9 1  in. 
(5.)  -Multiply  35  ft.  4^  in.  by  12  ft.  3  in. 

Atis.  433  ft.  4^  in. 
(6.)  Multiply  64  ft.  6  in.  by  8  ft.  9i  in.    ^w*.  565  ft.  S%  in. 
(7.)  What  is  the  price  of  a  marble  slab,  whose  length  is 
5  ft.  7  in.  and  breadth  1  ft.  10  in.,  at  6s.  per  foot  ? 

A?is.  SI.  Is.  5d. 

(8.)  A  room  is  to  be  ceiled,  whose  length  is  74  ft.  9  in.  and 

width  11  ft.  6  in.:  what  will  it  come  to  at  3*.  lOd.  per  vard? 

Ans.  18/.  65.  Ud. 

(9.)  "What  will  the  paving  a  court-yard  come  to  at  4|c?. 

per  yard,  the  length  being  58  ft.  6  in.  and  breadth  54  ft.  9  in.  ? 

Afis.  11.  Os.  \0\d. 
(10.)  A  room  is  97  ft.  8  in.  about,  and   9  ft.  10  in.  high; 
what  will  the  painting  of  it  come  to  at  2*.  8|(/.  per  vard  ? 

Ans.  14/.'ll5.  2|rf. 
(11.)  A  piece  of  wainscotting  is  8  ft.  3  in.  long,  and  6  ft.  6  in. 
broad  :  what  will  it  come  to  at  6s.  l^d.  per  yard  ? 

Ans.  11.  19s.  5|rf. 
(12.)  A  house  has  3  tiers  of  windows,  3  in  a  tier  ;  the  height   ^ 
of  the  first  tier  is  7  ft.  10  in.,  of  the  second  6  ft.  8  in.,  ai^d  of 
the  third  5  ft.  4  in.,  and  the  breadth  of  each  is  3  ft.  11  in. :  what 
will  the  glazing  of  them  come  to  at  14</.  per  foot? 

Ans.  13/.  lis.  lOhd. 

(13.)  What  will  the  tiling  of  a  barn  cost  at  25*.  6d.  per 

square,  the  length  being  43  ft.  10  in.  and  the  breadth  27  ft.  5  in. 

on  the  flat,  the  eave  boards  projecting  16  inches  on  each 

side  ?  Ans.  24/.  9*.  S^d. 
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(]\.)   How  many  s(|uar»'   rods  are  tlior*'  in  a  wM  ()-\  ft. 
long,  li  ft.  H  in.  high,  and  2^  bricks  thick  ? 

Ans.  5  rods,  1()7  ft.  9\  in. 
(1.5.)  If  a  garden  wall  be  2.5 1  feet  round,  and   12ft.  Tin. 
high,  and  3  i)ricks  thick,  how  many  rods  does  it  contain  ? 

Ans.  23  rods,  130  ft.  4  in. 


{•nbolution,  or  tlir  KaioniQ:  of  ^Jolurr^. 

Is  voi-LTloN,  or  the  niisi/u/  of  jxnnrs,  is  the  method  of 
finding  th»'  scjiiare,  cube,  Jvc.  of  any  given  number. 

A  power  of  a  numlter,  is  the  jjrodnet  arising  from  multi- 
plying it  by  itself,  a  certain  number  of  times. 

The  index,  or  exponent,  of  a  power,  is  the  number  that 
denotes  tiiat  power. 

Thus,  4x  l-=i-=HJ=the  square  of  4;  and  5x5x5=^5-^ 
=  12.5  =  the  cube  of  5  ;  where  the  indices,  or  exponents,  are 
2  and  3.* 


*  Tabls  of  the  first  Nink  Powku  or  Nvmuks. 


.1. 

Sd. 

4Ui. 

Mh. 

eth. 

Tih. 

Bill 

«..     I 

1 

1 

I 

1 

I 

1 

1 

'i 

1 

8 

16 

39 

64 

198 

956 

519  1 

»   87 

81 

943 

799 

9187 

6561 

19683, 

J« 

856 

1094 

4096 

16384 

65536 

969144* 

135 

695 

3195 

15695 

78195 

390695 

1953195 

S16 

1996 

7776 

46656 

979936 

1679616 

10077696 ' 

17649 

893543 

57648<M 

>  518 
1   799 


4096,3876»  1869144  19097159      167779161  134217788  I 


6561:59049  531441     r^ 


O   .i 
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RULE. 

Multiply  the  given  number  once  bj^  itself,  for  the  square ; 
twice  by  itself,  for  the  cube ;  three  times,  for  the  fourth  power ; 
and  so  on. 

Or,  if  it  be  a  high  power  that  is  to  be  found,  multiply  any 
two  or  more  of  the  inferior  powers  together  that  will  produce 
that  power,  and  the  result  will  give  the  answer,  as  before. 

EXAMPLES. 

(1.)  It  is  required  to  find  the  square  of  13. 

13 
13 

39 
13 


169  Answer. 


(2.)  Required  the  third  and  fourth  power  of  19. 

19 
19 


171 
19 

361  the  square. 
19 

324-9 
361 

6859  the  cvbe,  or  third 
19 

potoer 

61731 
6859 

130321  the  fourth  pouer. 
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('A.)  It  is  rctjuiiiil  to  fiiul  tlu'  ."jtli  power  of  11. 

II  Or  11 

11  11 


I.S31 


l'2l 
121 

I'Jl 

121 


lo5>72  liGU 

I  1 

KJ1051  Alls. 


161051  Ans.  as  before. 

( I.)  It  is  ro(juircd  to  find  the  3d  power  of  35. 

Ans.  42875. 
(.).)  It  is  required  to  find  the  4th  power  of  |.  Ans.  t^'^. 
(6.)  It  is  required  to  find  the  5th  j)ower  of  .029. 

A/IS.  .()0{XXKX)20511149. 
(7.)  It  is  required  to  find  the  6th  power  of  6.03. 

Ans.  4S073.293078275529. 
(8.)  It  is  recpiired  to  find  the  7th  power  of  3'^. 

Ans.  ^mi^^^^,  or  5252.3350144. 

il:boIution,  or  tf)r  (l:rtrartni(j  of  KootiJ. 

Evolt:tion  is  the  reverse  of  Involution  ;  being  the  method 
of  finding  the  scjuare  root,  cube  root,  &e.  of  any  given 
number. 


Hoots  art!  sometimes  denoted  by  writing  the  chamcter  \^  before  the 
i>uii>l>i.'r,  or  power,  with  the  index  of  the  r(x>t  af^in<it  it :  thus  the  >><|aarc 
root  of  70  is  \''Tc),  and  the  cii!>e  root  of  it  is  «k'70  ;  the  index  •_'  Inring 
always  omitteil,  wlien  tlic  sfiuare  r«>ot  is  designntt.-«l. 

If  tin;  root  consists  nf  several  iiuinlH^rs  with  the  sipn  +  or—  iK-twcen 
thcui,  the  minilKTs  are  usually  pLictxi  wiihin  parcnthcx-s,  to  sliow  tliat 
the  rtHit  of  ihc  whole  is  to  bv  taken  :  thus,  the  s(]uarc  root  of  4  -t-S  is 
v'l  4  +  :l\  anil  the  cul>e  root  of  'iH  —  1 :1  is  ^(  SH  -  I  :i). 

lUit  roots  of  all  kinds  arc  frerjucntly  designated  like  powers,  by  means 
of  fractlun.il    indices  placed  at   the   right-hand   corner  o(  the    uuaiber. 

G    4 


12S  EXTRACTION-    OF 

The  root  of  any  number,  or  power,  is  such  a  number,  as 
being  multiplied  into  itself  a  certain  number  of  times,  will 
produce  that  power. 

Thus  2  is  the  square  root  of  4,  because  2x2  =  4;  and  4  is 
the  cube  root  of  64,  because  4  x4  x4  =  64  ;  and  so  on. 

Any  power  of  a  given  number  may  be  found  exactly,  but 
there  are  many  numbers  of  which  a  given  root  cannot  be  ac- 
curately determined  ;  although,  by  means  of  decimals,  Ave  can 
approximate  towards  it,  to  any  assigned  degree  of  exactness. 

An  incomplete  root  of  this  kind  is  called  a  surd  root,  and 
one  Avhich  is  perfectly  accurate  is  called  a  rational  root. 

Thus  the  square  root  of  2  is  a  surd  root;  but  the  square 
root  of  4  is  rational,  being  equal  to  2:  also  the  cube  root  of 
8  is  a  rational  root,  being  equal  to  2  ;  but  the  cube  root  of  9 
is  a  surd,  or  such  as  cannot  be  exactly  found. 

TO  EXTRACT  THE  SQUARE  ROOT  OF  A  GIVEN 
NUMBER. 

RULE.* 

1.  Divide  the  given  number  into  periods  of  two  figures 
each,  by  putting  a  point  over  the  place  of  units,  another  over 


Thus,  the  square  root  of  5  is  denoted  by  5',  the  cube  root  of  19  by  19"" 

and  the  fourth  root  of  40— 12  by  (40  —  12)*,  &c.  The  reason  of  which 
method  is  sufficiently  plain  :   for  since  \/a  is  a  geometrical  mean  between 

1  and  a,  so  ^  is  an  arithmetical  mean  between  0  and  1  ;  and  therefore  a' 

2  is  the  index  of  the  square  of  a,  1  will  be  the  proper  index  of  its  square 
root ;  and  in  the  same  manner  it  will  appear  that  |  is  the  proper  index 
of  the  cube  root  of  a,  \  of  the  biquadrate  of  a,  and  so  on. 

-'  In  order  to  show  the  reason  of  the  rule,  it  will  be  proper  to  premise 
the  following  :  — 

Lemma.  The  product  of  any  two  numbers  can  have  at  most  but  as 
many  places  of  figures  as  are  in  both  the  factors,  and  at  least  but  one 
less. 

The  truth  of  which  may  be  shown  thus  :  Take  two  numbers  consisting 
of  any  number  of  places  of  figures,  that  shall  be  the  least  possible  of 
those  places,  viz.  unity  with  ciphers,  as  1000  and  100;  then  their  pro- 
duct will  be  1  with  as  many  ciphers  annexed  as  are  in  both  the  numbers, 
viz.  100000  :  but  10000  has  one  place  less  than  1000  and  100  together 
have;  and,  since  1000  and  100  were  taken  the  least  possible,  the  pro- 
duct of  any  other  two  numbers,  of  the  same  number  of  places,  will  be 
greater  than  1 00000 ;  consequently  the  product  of  any  two  numbers  can 
have,  at  least,  but  one  place  less  than  both  the  factors. 
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the  place  of  hundreds,  and  so  on,  over  every  second  figure,  to 
tlie  left  ill  inti'gers,  and  ti)  the  right  in  tlciiiiials. 

'2.  I'ind  tilt'  s(juare  root  of  tin-  first  ptriod,  or  if  it  has  no 
exact  root,  that  of  the  scjuare  number  next  less,  and  set  it  on 
the  right  hand  of  the  givtn  number,  after  the  manner  of  a 
(|Uotietit  tigure  in  division. 

ti.  Siil)tract  the  scjuare  of  this  part  of  the  root,  from  the 
said  period,  and  lo  tlie  remainder  annex  the  following  period, 
for  a  dividi  lid. 

4.  Doubh-  the  figure  of  the  root  above  found  for  a  divisor, 
and  find  liow  often  it  is  contained  in  the  dividend,  exclusive 


Agsln,  take  two  numbers,  of  any  number  of  places  of  figures,  that 
&hall  l»e  the  greatest  jio^sihlo  of  thost  places,  as  999  and  99.  Tlien, 
since  999  x  99  is  less  than  999  x  100,  and  999  x  100  (  =99900)  contains 
only  as  many  places  of  figures  as  arc  in  999  and  99,  it  Is  evident  that 
999  X  99,  or  the  prot'uct  of  any  other  two  nnn>l)ers  consisting  of  the 
same  nuTnlK>r  of  places,  cannot  have  more  places  of  figures  than  are  in 
Ixith  its  factors. 

Hence,  a  stjuare  numl>cr  cannot  have  more  places  of  figures  than 
double  the  places  of  the  riH)t,  and,  iit  least,  hut  one  It-w.  .And  a  cube 
number  cannot  have  more  placi-s  of  figures  than  triple  the  places  of  the 
root,  and,  at  least,  but  two  less  :  whence  the  method  of  pointing  the 
figures  for  the  s«|uare  and  cuIk*  root  is  obvious. 

Having  premised  this,  the  truth  of  the  rule  may  be  shown  algebraically, 
thus : 

Sujjpose  N,  the  number  whose  s<juare  root  is  to  be  found,  to  consist  of 
two  periods,  and  let  the  figures  of  the  root  Ik."  denoted  l)y  a  and  b. 

'Hien  (ii -r /))•' :- rj- +  "ici/- +  fc''  =  N,  the  given  number;  and  to  find  the 
M|unre  n>ot  of  n  is  the  same  as  to  find  the  s<|uarc  root  of  a*  +  2ab  +  t*  ;  the 
ini'thoil  of  doing  which  is  as  follows  : 

1  St  divisor  a)a*  +  2ab  +  b\a  +  b  the  root  a  -/s 

gi 

'-'nd  divisor  2a  +  byjab  +  b* 
iab  +  69 

Or  the  same  may  be  shown  universally  thus  : 
(aib  +  e  +  d  +  e  &c.)'— u<+  {•Ju+6}/<+  {2(a  +  fc)  +  c}c+  [a(a  +  b  +  e) 
+  d]d+  {'2(a  +  b+e  +  d)  +  e}e  kc 

Or, 

(a  +  6  +  c  +  rf  +  f&c.)i-a<  +  (2a  +  fc)6  +  (A  +  t  +  c)c  +  (B  +  c+rf)</t-(C  +  d 
+  t)  t  Sec. 
Where  it   is  to  be  observed,  that  a  is  the  coefficient  o( b  in  the  Sd 
term,  h  that  of.-  in  the  :Ul  term,  c  that  of  d  in  the  Jth  term,  and  so  on ; 
which  i:>  the  same  as  the  rule. 

O    5 
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of  the  i^lace  of  units  ;  an'd  set  the  result  both  in  the  quotient 
and  divisor. 

.5.  Subtract  the  product  of  this  quotient  figure  and  the 
divisor,  thus  augmented,  from  the  dividend,  and  bring  down 
the  next  period,  to  the  remainder,  for  a  new  dividend. 

6.  Divide  this  new  dividend  by  double  the  figures  already 
in  the  root,  for  another  figure  ;  and  proceed  in  this  manner, 
through  all  the  periods  to  the  last ;  observing  that  there  will 
be  as  many  integral  figures  in  the  root  as  there  are  points 
over  the  integral  part  of  the  given  number,  and  as  many  de- 
cimals as  there  are  points  over  the  decimal  part. 

It  is  also  to  be  remarked,  that  when  the  figures  belonging 
to  the  given  number  are  exhausted,  the  operation  may  be  con- 
tinued at  pleasure  by  annexing  two  ciphers  to  the  remainder, 
for  each  operation ;  and  that  the  best  way  of  doubling  the 
root  is  by  adding  the  last  figure  of  it  to  the  last  divisor. 

EXAMPLES. 

(1.)  Required  the  square  root  of  5499025. 

54-99025(2345  the  root. 
4=2x2 


43149 
3;129=43x3 


464,2090 

4  1856=464x4 


4685)23425 

23425=4685  x  5 


Note.  When  the  root  is  to  be  extracted  to  a  considerable 
number  of  places,  the  work  miay  be  abbreviated,  thus: 

Proceed  in  the  extraction  after  the  common  method,  till  you 
have  found  half  the  required  number  of  figui'es  in  the  i^oot, 
when  they  are  even,  or  one  more  than  half,  when  they  are  odd  ; 
and  for  the  rest  divide  the  last  remainder,  with  the  other  part 
of  the  number  annexed  to  it,  by  its  corresponding  divisor,  and 
the  two  results,  M'hen  united,  will  be  the  answer. 
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(2.)  Ucquircd  the  s(|uarc  root  of  J  t876.2357. 

i +87(3.2357(121.96 
1 


22  tS 
244 

241  476 
1'2H 

242923523 
92186J 

24386  166257 
6  146316 

24392)199 H (8175 

427 

183 

12 

0 

Hetice,  121.968175  is  tfie  root  required. 

(3.)  Hoquir'^d  tlie  s(\y\nro  root  of  106929.  Ans.  327. 

(4.)   Kcquireii  tin-  s(iuaro  root  of  152:599025.  A/is.  12345. 
(5.)  Required  the  square  root  of  119550669121. 

Alls.  345761. 
(6.)  Required  the  square  root  of  368863. 

Ans.  607.34092  &c. 
(7.)  Required  the  square  root  of  3.1721812. 

Ans.  1.7810(3  &c. 

(8.)  Required  the  square  root  of -j*j.        Ans.  .64.5497  S:c. 

(9.)  Rccjuired  the  square  root  of  6i(.  Ans.  2.5298  i"vc. 

(10.)   Riquind  the  s(|uarc  root  of  10.      Ans.  3.1()2277  &c. 

(1  1.)  RtMiuireil  the  scjuare  root  of  .00032754. 

Ans.  .01809  &c. 
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Ci;e  ejrtrartion  of  ti)t  €\iht  2A00t 

RULE.* 

1.  Separate  the  given  number  into  periods  of  three  figures 
each,  by  putting  a  point  over  every  third  figure  from  the 
place  of  units,  towards  the  left-hand  in  integers,  and  to  the 
right-hand  in  decimals. 

2.  Find  the  cube  root  of  the  first  period,  or  if  it  has  no 
exact  root,  the  one  next  less,  and  set  it  on  the  right-hand  of 
the  given  number,  after  the  manner  of  a  quotient  figure  in 
division. 

3.  Subtract  the  cube  of  this  figure  of  the  root^  from  the 
said  period,  and  to  the  remainder  annex  the  following  period  ; 
which  call  the  resolvend. 


*  The  reason  of  pointing  the  given  number,  as  directed  in  the  rule,  is 
obvious  from  what  has  been  said  in  the  lemma  made  use  of  in  demon- 
strating the  square  root  ;  and  the  rest  of  the  operation  will  be  best  under- 
stood from  the  following  analytical  process : 

Suppose  N,  the  given  number,  to  consist  of  two  periods,  and  let  the 
figures  in  the  root  be  denoted  by  o  and  b. 

Then  (a+6)5  =  a3  +  3a'i6+3a?<-  +  63  =  jj=  the  given  number;  and   to 
find  the  cube  root  of  k  is  the  same  as  to  find  the  cube  root  of  a^  +  3a"b 
+  Sab-  +  b3  ;  the  method  of  doing  which  is  as  follows  : 
a3  +  3a-b  +  Sab"  +  b^a  +  b  the  roof. 
a3 


3a%  +  3ab^  +  b3 

resolvend. 

Sa"- 

+  3a 

3a2 

+  3a 

divisor. 

3a% 

+  3ab' 

+  b3 

?,a% 

+  3ab'i 

+  63 

subtrahend. 

Or,  the  truth  of  the  rule  may  be  shown  universally,  thus : 
(a  +  b  +  c  +  d  8cc.)3  =  a3  +  {3a^  +  3ab  +  b'2}b+  [3 (a  +  b°-)  +  3c(a  +  b)  +  c"-].( 
+  {3(a  +  b  +  cy^+3d(a  +  b-i-c)  +  d2]d,  &c.      Or, 

(a  +  6  +  c  +  d  &c.)3  =  a3+  {3a2  +  3a6  +  62j6+  |a  +  26(a  + i)  +  a6  +  3c 

(a  +  b)+  c2}c  +  (b  +  2c(a  +  b  +  c)  +  c(a  +  b)  +  3d(a  +  b  +  c)  +  d'2]d  &c. 

Where  a  is  the  coefficient  of  b  in  the  2d  term,  b  that  of  c  in  the  3dl 
term,  c  that  of  cZ  in  the  4th  term,  and  so  on. 
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i.  Under  this  resolvond,  put  three  times  the  figure  of  the 
root  above  found,  and  throe  times  its  square,  observing  to 
remove  the  hitter  one  j)lace  to  tlie  left;  ami  call  their  sum  the 
divisor. 

5.  Seek  how  often  this  divisor  is  contained  in  the  resolvend, 
exclusive  of  the  place  of  units,  and  set  the  result  in  the  (|uo- 
tieiit  next  after  the  tigure  of  the  root  before  found. 

f).  Under  the  divisor  put  the  cube  of  this  last  ipiotient 
figure,  the  sipiare  of  it  nudtiplied  by  three  times  the  former 
figure  or  figures,  and  the  triple  of  it  by  the  s(juare  of  the 
fornuT,  eaeii  removeil  one  place  to  the  left,  and  call  their  sum 
the  subtrahend. 

7.  Subtract  the  subtralieiul  from  the  resolvend,  and  to  the 
remainder  bring  down  the  next  period  for  a  new  resolvend, 
with  which  proceed  as  before;  and  so  on,  till  the  whole  is 
finished ;  observing  that  the  hust  figure  of  the  root,  in  each 
operation,  must  be  so  taken  that  the  subtrahend  shall  be  less 
than  the  resolveiul. 


Or  the  same  niai/  be  done  otherwise,  thus  : 

1.  point  the  given  number,  and  find  the  first  figure  of  the 
root  as  b«'fon'. 

*J.  Subtract  the  cube  of  the  first  figure  of  the  root,  thus 
found,  from  the  first  period  on  the  left-hand,  and  annex  the 
following  jx'riod  to  the  remainder  for  a  dividend. 

?t.  Divide  this  dividend  by  .'{  tinu's  the  s(|uare  of  the  figun- 
of  thi'  root  al)ove  determined,  and  the  first  figure  of  the  quo- 
tient will  be  the  second  figun-  of  the  root. 

4.  Subtract  the  cube  of  these  two  figures  of  the  root  from 
the  first  two  periods  on  the  left,  and  to  the  remainder  annex 
the  following  period,  for  a  new  dividend,  which  divide  by  three 
tinu's  the  sipiare  of  tiie  part  of  the  root  thus  lound  ;  and  so 
on  till  the  wholt'  is  finished. 

Xole.  rh«*  sanu-  rule  must  be  observed  for  continuing  the 
operation,  aiul  pointing  for  decimals  as  in  the  s(juare  root,  ex- 
cept that,  in  this  case,  three  ciphers  must  be  annexed  to  the 
remainder  instead  uf  two. 
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EXAMPLES. 

(1.)  Required  the  cube  root  of  4822854-4. 
48228544(364  Afis. 
27=3^=3  X  3  X  3=a%  because  a=3. 


2 1 228  resolvend  =  3a-b  +  3ab-+  b^ 


9=3x3=3a 
27  =3x3-=3x3x3=3a2 


279  divisor =3a''-  + 3a.     Then  b=6. 


216=6'=6x6x  6=^*3 
324  =3x3x6-'=9x6x6=3«52 
162     =3x3-x6=3x3x3x6=3a26 


1 9656  subtrahend  =  3d-b  +  3ab'-  +  b^. 


1572544  second  resolvend. 

Here  beginning  again  with  the  formula,  a =36 

108=3  x36=3a 
3888  =3  x  362=3  x  36  x  36=3^2 


38988  second  divisor  =3a-  +  3a.     Then  6=4. 


64=43=4x4x4=^3 
1728  =3x36x4-=3a62 
15552     =3x36-x4=3x36x36x4=3a26 


1 5,72544  second  subtrahend  =  3a-b  +  3aW- + V^. 


In  the  above  solution  it  may  be  seen  that  the  Editor  has 
arranged  the  numbers  according  to  the  formula ;  and  in  the 
new  edition  of  the  "  Key  "  it  will  be  seen  that  he  has  adopted 
the  same  principle,  in  oi'der  to  show  one  uniform  system  of 
solution. 

The  extraction  of  the  cube  and  other  roots  Avould  be  much 
facilitated  by  the  rules  given  in  Nicholson  and  Rowbotham's 
Algebra,  as  may  be  seen  by  the  following  solution  of  the  pre- 
ceding example  : — 


6 

27 

JXJ 

.S'/76 

1 02 

3SSH 

1084. 

389136 
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482285^4(361- 

27 

21228 

19656 

1562544 
1556544 


(2.)  Ucciuired  the  cube  root  of  41278.242816  by  the  latter 

4 i  278.242816(34.56  root. 
97 


3-' X  3=27)14278(4 


4127S 
34'' =  39301- 


34-  X  3=3468)1974242(5 


4127S21-2 
345^— 41(XJ3625 


345^x3=357075)214617816(6 


4127H242S16 
3456'  =  4 12782428 1 6 


The  above  operation  woiihl  be  very  much  shortened  l>y 
isiiij;  a  table  of  squares  and  culx-s  similar  to  thoM-  uf 
Mr.  Barlow. 

(3.)  What  is  the  cube  root  of  389017?  Ans.  73. 

(4.)  WIkU  is  thi-  ctibe  root  (.f  10«>2727?  Ans.  103. 

(5.)  What  is  tile  euU'  n».)t  of  2705H):U)008  ?  Au.s.  3002. 
(6.)  Wliai  is  the  cube  root  of  I22615:J27232?  Ans.  V.MSS. 
(7.)  Wh;\t  is  tlje  cube  root  of  1.7W)992t27r  Ails.  1.203. 
(8.)  Ueijuinil  llie  cube  root  of  14<>7()S.tS3.  A/i.s.  52.74. 
(9.)  lUMjuired  tiie  cube  root  of  17 1.16776 KX>.  Ans.  5.353. 
(10.)  Rei|uired  the  cube  root  of  .0001357.       Ans.  .05138. 
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(11.)  Required  the  cube  root  of  ]3j.  Ans.  2.3908. 

(12.)  It  is  required  to  find  the  cube  root  of  71^. 

A?is.  4.807698. 

RULE  2.* 

Find,  by  trials,  the  nearest  rational  root  of  the  given 
number,  and  call  it  the  assumed  root. 

Then,  as  twice  the  cube  of  the  assumed  root,  added  to  the 
given  number,  is  to  twice  the  given  number,  added  to  the 
cube  of  the  assumed  root,  so  is  the  assumed  root  to  the  root 
required,  nearly. 

And  by  taking  the  number  last  found  for  the  assumed  root, 
and  repeating  the  operation  as  often  as  may  be  thought  ne- 


*  The  methods  usually  given  for  extracting  the  cube  root  are  so 
tedious  and  difficult  to  be  remembered,  that  arithmeticians  have  long 
wished  for  a  rule  that  would  be  more  ready  and  convenient  in  prac- 
tice. In  consequence  of  which,  several  eminent  mathematicians,  both 
of  our  own  country  and  abroad,  have  been  led  to  devise  approximating 
rules  for  this  purpose  ;  but  no  one,  that  I  have  yet  seen,  is  so  simple 
in  its  form,  or  seems  so  well  adapted  to  general  use,  as  that  given 
above. 

That  it  converges  very  fast  may  be  easily  shown  as  follows  -.  Let  n  = 
the  given  number,  a^  the  cube  of  the  assumed  root  a,  and  x  the  cor- 
rection ;  then  2a3  +  n  :  2n  +  a^  : ;  a  :  a  +  x  =  root  by  the  rule  ;  and  con- 
sequently (2a3  +  n)  X  (a  +  .r)  =  (2n  +  a3)  x  a  ;  or,  by  substituting  (a  +  x)3 
for  N,  and  then  multiplying,  2a^  +  2a'^x  +  a*  +  4a^x  +  6a-x-  +  4ax^  +  a.-'  = 
2aN  +  a*. 

Whence,  by  transposing  the  terms,  and  dividing  the  whole  by  2a,  we 

a-* 

shall    have   'fi  =  a^ +  3a"x  +  3ax-  + x^ +x^ -^ ;   which  by  neglecting  the 

2a 

terms    x^ -\ as  being  very  small,  becomes  t^  =  a^  +  3a°x  +  3ax- +  x^  = 

2a 

to  the  known  cube  of  a  +  x. 

This  rule  I  received,  nearly  30  years  ago,  from  a  person,  who  informed 
me  that  he  had  it  from  the  late  Mr.  James  Dodson,  at  the  time  he  w;is 
mathematical  master  of  Christ's  Hospital  ;  but  I  have  since  found  that  it 
is  exactly  the  same  as  Dr.  Halley's  rational  formula,  except  that  it  is 
more  coramodiously  expressed. 

The  irrational  formula  of  the  same  author,  for  the  cube  root,  is  hi  +  i 

4n  — a^       ,  .  ,    . 

V — r ,  which  IS  somethmg  more  accurate  than  the  former,  beino:  less 

3a  '         o 

erroneous   in  point  of  excess  than  the  other  is  in  defect ;   so  that  if  an 

aritiimetical  or  geometrical  mean  be  taken  between  these  two  results,  it 

will  be  nearer  the  truth  than  either  of  them. 
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IS- 


jessary,  in  the  same  niauiuT  as  before,  the  root  may  be  detei- 
nined  to  any  degree  of  exactness  rerjuired. 


F.XAMI'I-ES. 

1.   Let  it  be  nM|uir((l  to  tiinl  tlie  cube  root  of  124-84'. 
Here  the  nearest  rational  root,  as  found  by  trial,  is  23,  and 
ts  cube  is  I'JKJT. 


W/unce  12167 

l2\S\r 

2 

o 

23-'x2=2kS.'U 

2iWS 

12tSl. 

12167 

3()SKS 

:        371:j.3        :: 

2;J 

1  1  1  iO.j 

71270 

36818)S5il05( 23.198 
1177i 

729 

361 

30 

'J■^ 


i/is. 
2. 


Or 

=  1.2 


2S.I!fS  ///<■  root  rrqi/iraf,  tr/tir/i  is  (rue  to  f/if  last  place 
of  decimals. 

Let  it  b«'  required  to  (ind  the  cube  root  of  2. 
re  the  nearest  rational  root  is  1,  antl  its  cube  is  also  1. 
triienee  (1x2)  +  2  =  i,  and  (2  x  2)  +  1  =5. 
Therefore  \  '.  r»'.\  \  :  -^  =  1 .2.5  =  roo/  nearly. 

Aaain,  the  culte  of     =     --. 

Whence     i,    +2:2x2  +  ':;'::^. 

i78  .  381  ..  5  .  381x5x6i_381  x5__127  x5_63j 
6+  ■  6i  •  *  4  *  &i  X  4-  X  .378  378  x  i~  126  x  \  50t 
59921  =  rootf  which  is  true  to  the  last  Jttjurc. 
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(1.)  Required  the  cube  root  of  5.  Atis.  1.709976. 

(2.)  Required  the  cube  root  of  81.  A?is.  4.326749. 

(3.)  Required  the  cube  root  of  132.  Ans.  5.091643. 

(4.)  Required  the  cube  root  of  576.  A?is.  8.320335. 

(5.)  Required  the  cube  root  of  30.625.  Ans.  3.128662. 

(6.)  Required  the  cube  root  of  .00533.  Ans.    .174679. 

(7.)  Required  the  cube  root  of  5592.  Ans.  17.7496. 

(8.)  Required  the  cube  root  of  51  ^-.  Ans.  3.71 1457. 


TO  EXTRACT  THE  ROOTS  OF  POWERS  IN  GENERAL. 
RULE.* 

Let  N  be  the  given  power  or  number,  whose  root  is  to  be 


*  The  demonstration  of  this  rule,  of  which  that  for  the  cube  root  is 
only  a  particular  case,  may  be  easily  derived  from  the  binominal  theorem, 
as  follov.'s  : 

Let  N  =  given  number,  n  =  index  of  the  root,  r  =  nearest  rational  root, 

and  a;  =  remaining  part. 

n—1 
Then  N  =  (r +  x)''  =  r"  + Hr"  —  i.r-(-?z. — — }'i—-x~8ic.  by  evolution. 

N  —  r  '*  7i  ^  1       x^ 

And =3'-i .   — '  &c.  ;   where,  on  account  of  the  smallness  of 

wr"  — 1  2  r 

7i  — 1      x'^  ,  N 7*" 

—-r — .  • — '  the  first  term  x  may  be  considered  as  nearly  = ,. 

But  N  — r"  is  also  =  nr^—'jr  +  w  .  r"~'^x~  &c.  =  (nr" — '+M  .  — — — 

2  2 

r"—"x)x  ;  whence,  by  substituting  the  former  value  of  x  in  this  equation, 

,    ,,  ,                        /     ,      ,      74  -  1      K  -  /•" \        (ra  +  1  )r"  +  (w  —  1  )n 
we  shall  have N  —  7-"=  («r"— '  H .  ]x= ^^ ^— 


iN-7-"=  (^«r»-i  +^-2-  .  -j-)^-  = 


X  X 

2r 


,                  (n— r"")x2r  ,  (n— r"")x2r 

consequently  ar  =  T ^^p- ^ — ,   and  r  +  :c  =  r + 


(«+  l)r"  +  («  — 1)n'  (74+  ly  X  (74— 1)n 

(»l+l)N  +  (74-I)r''  .  .    ,      .        ,  .  •      J  J       < 

=  z Tx ; 7T~  X  >■ ;  which   is   the  expression  required,  and  when 

(74+1  )r"  +  (71  - 1  )n  ^  ^  ' 

converted  into  an  analogy  is  the  same  as  the  rule. 

It  may  here  also  be  observed,  that  the  fourth  root  of  any  number  is 
equal  to  the  square  root  of  the  square  root  of  that  number  ;  and  that  the 
sixth  root  is  equal  to  the  square  root  of  the  cube  root ;  and  so  on. 

The  proof  of  all  roots  is  by  involution,  and  then  by  casting  out  the 
nines,  as  in  multiplication. 

The  following  theorems   may  likewise  sometimes  be  found  useful  in 

a       Va      f/ab        a  a 

extracting  the  root  of  a  vulgar  fraction  :   v  —  = = =  — - —  ;  -5' — 

°  ^  h       Vb         b  Vab  b 

^ab"         a 
h         ^a-b 


OF     I'OWtas     IN    (JKNKUAI..  1  f?0 

)Uinl,  «  the  iiiili'x  of"  that  power,  r  the  aiisuimd  root,  and  a 
ts  power. 

'i'heii,  as  the  sum  of  «  +  l  times  a  and  «  — 1  times  n  is  to 
lie  sum  of"  n  +  1  times  n  and  «  —  1  times  A,  so  is  the  assumed 
ant  r  to  the  root  recpiired,  nearlv. 

Tiiat  is  (/i-i-i)  A +(«-!)  N  :"(n+l)N  +  (H-l)  A  !  :  /•  : 
le  true  root,  nearlv. 

0    7*4  1        .  "  —  1       .  .  .  ^1  .-  I  •   I 

r A+       — N   ;   N(/'A   ,.    r  :    the  correction,  which, 

2  2 

iKled  to,  or  subtracted  from,  the  assumed  root,  accordiiij;  as 
was  taken  too  little,  or  too  great,  will  give  the  true  root 

early,  as  before. 
And,  by  repeating  the  operation  with  the  root  last  found, 

<  often  as  may  be  thought  necessary,  the  answer  may  be  de- 

Miniiii'd  to  any  degree  of  accuracy  required. 

EXAMPI-ES. 

(1.)  It  is  required  to  find  the  5th  root  of  2. 

Assume  the  root=l,  and  its  ')i\\  power  will,  also,  be  1. 

Then  N  =  2,  A  =  l.  «=o,  and  r=.\. 
*^"*""^''(;i-l)  N  =  8  (/i-l)A=  + 

It-  IG 

TIterrforc    ll-  :   l(i  ;  ;    1   :   "'  =  ''^=  1  l  =  l.U2S57  the  root, 

ror/y. 

8  32768 

lortirt,  fussit/nc  the  root  =    ,  and  ils  3ih  power  will  be 

rr,  n  32768  ,  ,         8 

ThenV  —  2\  a=  ;    «  =  .j;    nndr=    . 

HJS07  7 

Ti'A         «+Ja     983ai-     M-1        ,     67228 
2  16S07        2  16807 

,  .  o     32768       8-16 

and  N  — A=2—  = 

16807     16S07 

J     ,  ,.      ,.       9830^1.  ,  67228  .     8Wi     ..8 

Ami  t/tert'titrc  4-  .    ... 

J 6807     16807       16807       7 


140 


SIMPLE    INTEREST. 


Or   165532  :  846  : : 


8  .      846  X  8 


846x2 
'41383x7' 


1692 
289681 


=  0.005841. 

Consequently/ 
quired. 

What 
What 
What 
What 
What 
(7.)  What 
(8.)  What 
(9.)  What 
(10.)  What 
(11.)  What 
(12.)  What 
(13.)  What 


7  ■  165532x7 
0.005841  +  1.142857  =  1.148698  =  root  re^ 


(2.) 
(3.) 
(4.) 
(5.) 
(6.) 


the  3d  root  of  ^ 
the  4th  root  of 
the  4th  root  of 
the  6th  root  of 
the  6th  root  of 
the  7th  root  of 
;  the  7th  root  of 
the  8th  root  of 
the  8th  root  of 
the  9th  root  of 
the  9th  root  of 
the  365th  root 


L  or  .5  ? 

2? 

97.41  ? 

21035.8? 

2? 

21035.8? 

2? 

21035.8? 

2? 

21035.8  ? 

2? 

of  1.05? 


Ans.  .7937005. 
Ans.  1.189206. 
Ans.  3.1415999. 
Ans.  5.254037. 
Ans.  1.122462. 
A71S.  4.145362. 
Ans.  1.104089. 
Ans.  3.470334. 
Ans.  1.090508. 
A}is.  3.022239. 
Ans.  1.080059. 
Ans.  1.000135. 


Simple  hxttvt^t 

Simple  Interest  is  an  allowance  made  by  the  borrower 
of  any  sum  of  money  to  the  lender,  according  to  a  certain 
rate  per  annum ;  which,  by  law,  must  not  exceed  5  per  cent., 
that  is^  51.  for  the  use  of  100/.  for  a  year ;  10/.  for  the  use  of 
it  for  2  years ;  and  so  on. 

Principal  is  the  money  lent. 

Rate  is  the  sum  per  cent,  agreed  on. 

Amount  is  the  principal  and  interest  added  together. 

RULE.* 

Multiply  the  principal  by  the  rate,  and  divide  the  product 
by  100,  and  the  quotient  will  be  the  interest  for  1  year. 

Or,  the  interest  for  1  year  at  5  per  cent,  is  l-20th  of  the 
principal ;  and  at  4  per  cent,  is  l-25th  of  the  principal. 

*  It  is  customary,  in  some  cases  of  this  kind,  to  consider  the  time 
elapsed  in  different  ways. 

Thus,  for  instance,  in  the  courts  of  law,  interest  is  always  computed  in 
years,  quarters,  and  days;  which,  indeed,  is  the  only  equitable  method; 
but  in  computing  the  interest  of  the  public  bonds  of  the  South  Sea  and 
India  Companies,  and  in  the  Bank  of  England,  &c.  the  time  is  generally 
taken  in  calendar  months  and  days,  and  on  Exchequer  bills  in  quarters  of 
a  year  and  days. 


SIMI'LK    INTEREST.  1  H 

Then  multiply  the  interest  for  a  year  by  the  riuinbor  of 
ars  <;iveii,  and  tlic  prodiiet  will  he  the  interest  for  that  time. 
If  there  hv  any  snialh-r  portions  of  timr,  as  months,  or 
lys,  they  must  bo  worked  for  by  the  aliquot  parts  of  a  year, 
by  the  nde  of  three. 

When  this  is  done,  if  the  interest,  so  found,  be  added  to 
o  ))rincipnl,  it  will  give  the  amount,  or  the  whole  sum 
hich  is  due. 

EXAMPLES. 

(1.)  What  is  the  interest  of  2Si/.  10^.  for  2\  years,  at  5 
!r  cent,  per  annum  ? 

£     s.  Or  thus, 

284   \{) principal.  5/.=  .'.,  of  100. 

,5  interest.  £      s,       d. 

ii,yiS\   10     0 

£  li     i     G   one 


00)U-,2'J    10 


1  \-      t     G(i.  one  f/car's  interest. 


'2,V  years.  years  int.  as  before 


'is     i>     0  for  2  years. 
7     2     3  for  ^  year. 


35    1 1      3  the  interest  required. 
28  1-    10      0  prineijtal. 


if  320     1      3  the  amount. 

The  principle  upon  which  interest  is  calculated  is  the  same 
5  the  rulf  of  three ;   for  the  above  example  might  be  stated 
hus. 
As  100/.  .51.'.'.  2S+/.  lOjt.  ;  I  tV.  l.v.  Gd.  one  year's  interest. 

(2.)  What  is  tin;  intrrrst  of  230/.  10*.  for  1  yiar.  at  t  per 
:ent.  per  annum?  Ans.  Ul.  is.  4  |</. 

(3.)  What  is  the  interest  of  j  17/.  l.')S.  for  3  years,  at  5  per 
:ent.  per  annum  ?  Ans.  S2/.  3*.  3d. 

( 4.)  What   is  the  amount  of  G90/.  for  3  years,  at  4-^  per 
:ent.  per  annum  ?  Ans.  783/.  3*. 

(5.)  What  is  the  interest  of  205/.  15*.  for  }  year,  at  4  per 
lent,  per  annum  ?  Ans.  21.  \s.  1  Id. 
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(6.)  What  is  the  amount  of  120/.  10s.  for  2^  5-ears,  at  4^ 
per  cent,  per  annum?  Ans.  134/.  16s.  l-|c?. 

(7.)  What  is  the  interest  of  47/.  10s.  for  4  years  and  52 
d^3's,  at  4-?,-  per  cent.?  A?is.  81.  17s.  l^d. 

^  (8.)  What  is  the   amount  of  200  guineas,  for  4  years,  7 
months,  and  25  days,  at  4^  per  cent.  ?     Ans.  253/.  19s.  4^. 

(9.)  A  gentleman  left  his  niece  by  will  558/.  15s.  to  be 
paid  her  with  interest  at  4  per  cent,  when  she  came  of  age, 
which  was  in  5  years,  9  months,  and  21  days;  what  has  she 
to  receive  in  all  ?  Ans.  688/.  lis.  S^d. 

(10.)  What  is  the  interest  due  upon  an  India  bond  of  500/. 
value,  at  3^  per  cent,  per  annum,  from  September  30,  1842, 
to  June  18,'  1843  ?  A7is.  12/.  10s.  S^d. 

(11.)  What  is  the  interest  due  upon  an  Exchequer  bill  of 
450/.  at  3f  per  cent,  per  annum  for  2f  years,  and  67  days  ? 

A?is.  49/.  10s.  0|c?. 

COMMISSION,  BROKERAGE,  INSURAX'CE,  AND 
BUYING  AND  SELLING  OF  STOCK.* 

Commission  is  an  allowance  of  so  much  per  cent,  to  a 
factor  or  correspondent  abroad  for  buying  and  selling  goods 
for  his  employer. 

Brokerage  is  a  similar  allowance  made  to  a  person  called 
a  Broker,  for  assisting  merchants  or  factors  in  procuring  or 
disposing  of  goods. 

Insurance  is  a  per-centage,  given  to  certain  persons,  or 
offices,  who  engage  to  make  good  the  loss  of  ships,  houses, 
or  merchandise,  which  may  happen  from  storms  or  fire. 

*  Stocks  are  of  diiFerent  kinds,  as  Bank  stock,  3  per  cent,  reduced, 
.3  per  cent,  consols,  omnium,  &c. ;  the  prices  of  which  vary  according  to 
the  circumstances  of  the  times,  and  the  rumours  that  prevail  with  respect 
to  war  or  peace. 

When  the  price  of  any  particular  stock,  as,  for  instance,  the  3  per 
cent,  consols,  is  said  to  be  90i,  the  meaning  is  that  90/.  2s.  6d.  must  be 
paid  on  thai  day,  for  100/.  of  this  stock  ;  and  in  this  case  the  purchaser 
may  be  considered  as  having  100/.  in  the  Bank,  for  which  he  is  to  receive 
annually  3/.  or  two  half-yearly  dividends  of  1/.  lOs.  each  ;  and  so  on  for 
any  larger  sum. 

Omnium  is  a  term  that  denotes  the  several  kinds  of  stock,  &c.  by 
which  Government  pay  those  who  agree  to  advance  a  certain  sum  of 
money,  by  way  of  loan  ;  and  when  it  is  said  to  be  at  so  much  premium,  as, 
for  instance,  li  per  cent.,  the  meaning  is,  that  if  a  person  purchase  100/.  of 
this  loan,  he  must  pay  1/,  iOs.  more  than  the  original  lender. 


COMMISSION,    BROKERAGE,    ETC.  H3 

Buying  and  Sklmng  ok  Stock  is  the  purchasinj;  or 
tlisposinp  of  a  crrtiiin  sum  of  money  in  the  Hank  of  I-li)<;lan(l, 
or  in  the  capital  of  some  trading;  company,  accordiiii:  to  the 
rate  per  cent,  wliicli  they  niav  sell  for  at  anv  j^iveii  time. 

Tin-  method  of  working  (piestions  that  may  occur  in  cither 
of  these  rules,  is  the  same  as  in  simple  interest. 

EXAMPLES. 

(1.)  What  is  thy  commission  on  500/.  I'.is.  6ff.  at  3',  per 
cent  ? 

se     s.     d. 
500  13     6 

31 


150'J     0     6 
250     6     9 


1,00)17,52 


.•£1710     5  V  the  answer. 


(2.)  What   is   the  brokerage  on  GIO/.  lO.v.  \(l.  at  5s.  or    [ 
per  cent.  ? 

d:     s.     (I. 
5s.  is  \  (310   10     i 


1,00)1,52   12     7 


£]    10     G\  the  a/isircr. 


(;{.)  Wliat  is  the   insurance  on  S7 1-/.  Us.  lv/.  at  I2i  per 
cent.  ? 

£    s.     (L 
S71-  It     2 


10  is  ,V,  87  9     5 

2  is  ^    17  9  10^ 

^  is  I      4.  7     5i 

^109  6     9  t/ie  ansiif^r. 
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(4.)  What  is  the  purchase  of  2054/.  16*.  East  India  stock 
at  110^  per  cent.? 

£      s.     d. 

10  is  -^^  2054  16     0 

205     9     7 

1  is  _L  <5      9      8-^- 


^2265     8     34  the  answer. 


(5.)  My  correspondent  writes  me  word  that  he  has  bought 

goods  on  my  account  to  the  value  of  754/.  16*.     What  does 

his  commission  come  to  at  2^  per  cent.?   Ans.  18/.  17*.  44f/. 

(6.)  What  must  I  allow  my  correspondent  for  disbursing 

on  my  account  529/.  18*.  5d.  at  2\  per  cent.? 

Ans.  11/.  185.  5UL 

(7.)  If  I  allow  my  factor  1^  per  cent,  for  commission,  what 

may  he  demand  on  the  laying  out  of  1200/.?     Ans.  91/.  lOy. 

(8.)  What  does  the  commission  on  950/.  come  to  at  3|^  per 

cent.?  Ans.'66l.l6s.Sd. 

(9.)  If  I   allow  my  broker  3^  per  cent.,  what  may   he 

demand  when  he  sells  goods  to  the  value  of  876/.  5s.  lOd.  ? 

Ans.  32/.  17*.  2UI. 
(10.)  What  is  the  brokerage  of  879/.  18*.  at  4  per  cent.  ? 

Ans" SI.  5s.  in</. 

(11.)  If  a  broker  sells  goods  to  the  amount  of  508/.  17*.  lOfA. 

what  is  his  demand  at  I^l  per  cent.?  Ans.  11.  12*.  8f/. 

(12.)  What  is  the  brokerage  of  1087/.  15*'.  Q\d.  at  If  per 

cent.?  ^«s.  17/.  13*."6-irf. 

(13.)  If  a  broker  sells    goods  to    the   amount   of   1000 

guineas,  what  is  his  demand  at  4  per  cent.?    Ans.  61.  lis. 3d. 

(14.)  If  I  allow  a  bi'oker  1^  per  cent.,  what  is  his  demand 

for  disposing  of  goods  to  the  value  of  729/.  10*.  6d.  ? 

A?is.  91.  2s.  4i</. 
(15.)  What  is  the  insurance  of  900/.  at  10^  per  cent.  ? 

Ans.  961.  15s. 
(16.)  What  is  the  insurance  of  1200/.  at  7%  per  cent.? 

"  Ans.  91/.  10*. 
(17.)  What  is  the   insurance  of  an  East  India  ship  and 
cargo,  valued  at  35727/.  17*.  6d.  at  17^  per  cent.? 

Ans.  6386/.  7*.  \U. 
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(IS.)  What  is  till"  purchase  of  \5Gl.  \5s.  3  por  rent,  an- 
nuitii's,  at  1\\  JHT  cent.?  Ans.  1  Ifi/.  l.lv.  () y. 

(h>. )  W  liat  is  the  purchase  of  816/.  \'2.s.  Hank  annuitirs, 
at  89;,  prr  crnt.  ?  ^^'*-  "-•>''■  !<>*•  -"^l''- 

(20.)  What  is  the  purchase  of  987/.  15*.  India  stock,  at 
113f[  per  cent.?  -'^"•^-  H-^'-  l^'"- 

(21.)  Boufjht  650/.  Bank  annuities,  at  90/,  per  cent,  and 
paid  brokerage  ^  per  cent. ;  what  did  the  whole  amount  to  ? 

Alls.  5H8/.  5s. 

(22.)  What  does  2+00/.  capital  stock  in  the  three  per  cent, 
consolidated  Bank  annuities  come  to,  at  81^  per  cent-.-' 

Ans.  2019/. 

(23.)  What  is  the  value  of  50/.  per  annum  in  the  long  an- 
nuities, which  will  terminate  in  llS  years,  at  12  >  years  pur- 
chase i*  A/IS.  G\i>l.  1 5s. 

Didrount* 

Discount  is  an  allowance  matle  for  the  payment  of  any 
sum  of  money  before  it  bieomes  «lue,  according  to  a  certain 
rate  per  eint.'  agreed  on  l)etwi>en  the  parties  concerned. 

T\w  present  irorfh  of  any  sum,  or  debt,  due  some  time  hence, 
is  such  a  sum,  as,  if  put  out  to  interest  for  that  tinu',  at  a  certain 
rate  per  cent.,  would  amount  to  the  sum  or  (Ubi  then  due. 

In  business,  the  usual  method  of  estimating  the  discount 
of  anv  noti-  or  bill  is,  to  deduct  the  interest  of  the  sum  for  the 
given  time  at  5  per  cent.;  or  to  reckon  a  penny  a  pound. for 
every  montli  the  bill  has  to  run  ;  but  the  oidy  accurate  way 
is  as  follow.s : 

HLLF..* 

As  the  amount  of  100/.  for  the  given  rate  and  time  is  to  the 
interest  of  100/.  for  that  time,  so  is  the  given  sum,  or  ilebt, 
to  the  di>cotini  re(|uired. 

.\nd  if  the  discount  be  subtracted  from  the  given  sum,  the 
remainder  will  be  the  present  worth. 

*  That  an  allowance  ought  to  be  made  for  paying  money  bcrore  it 
bcconiti*  due,  which  i*  suppostnl  to  In'ar  no  interest  till  after  it  i*  due,  i« 
evidi-Mt ;  for  if  I  kovp  the  nioncy  ifi  my  own  hands  till  it  i<  ii»io,  it  i» 
pluiu  I  c.»n  ni;ilc  .id\.iut.igc  of  it  hy  putting;  it  out  to  intert-^t  for  that 
time  ;  hut  if  I  pay  it  htfuro  it  is  due,  it  it  giving  thut  Unclit  to  another. 
Ilenco,  it  onlv  remains  to  inquire  what  discount  ought,  in  this  ca.H',  tot>e 
allowed  ;  ond  here  some  debtors  may  say,  that  since,  by  not  paying  the 
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Or,  to  find  the  present  worth,  and  hence  the  discount. 
As  the  amount  of  100/.  for  the  given   rate  and  time  is  to 

100/.,  so  is  the  given  sum,  or  debt,  to  the  present  worth. 
And  if  the  present  worth  be  subtracted  from  the  given 

sum,  the  remainder  will  be  the  discount  required. 

EXAMPLES. 

(1.)  What  are  the  discount  and  present  worth  of  500/.  due 
2  years  hence,  at  5  per  cent.  ? 

Interest  of  ^100  for  2  years=5  x  2=^10. 
M  £.  £,  Now,  by  deducting  the  dis- 

Then  110    ;     10    ::    500  count  from  the  500/.,  we  have 

500  the  present  worth. 

11,0)500,0  £      s.    d. 

Bisconnt,  £4-5  9s.   Id.  ^\  Thus      500     0     0^ 


Prese?it  worth,  £'i54'  10  lO-i^ 


money  till  it  becomes  due,  they  can  employ  it  at  interest,  therefore,  by 
paying  it  before  it  is  due,  they  shall  lose  that  advantage,  and  for  that 
reason  all  such  interest  ought  to  be  discounted ;  but  this  mode  of  reason- 
ing is  not  just,  for  they  cannot  be  said  to  lose  that  interest  till  the  time 
the  debt  becomes  due  arrives ;  whereas  we  are  to  consider  what  vi^ould 
])roperly  be  lost  at  present,  by  paying  the  debt  before  it  becomes  due  ; 
and  this  can,  in  point  of  equity  or  justice,  be  no  other'than  such  a  sum 
as  being  put  out  to  interest  till  the  debt  becomes  due,  would  amount  to 
the  interest  of  the  debt  for  that  time.  It  is,  besides,  plain,  that  the 
advantage  arising  from  discharging  a  debt,  due  some  time  hence,  by  a 
present  payment,  according  to  the  principles  here  mentioned,  is  exactly 
the  same  as  employing  the  whole  sum  at  interest  till  the  time  the  debt 
becomes  due  arrives ;  for  if  the  discount  allowed  for  present  payment  be 
put  out  to  interest  for  that  time,  its  amount  will  be  the  same  as  the 
interest  of  the  whole  debt  for  the  same  time.  Thus,  the  discount  of  105/. 
due  one  year  hence,  reckoning  interest  at  5  per  cent.,  will  be  51.,  and  5/. 
put  out  to  interest  at  5  per  cent.,  for  one  year,  will  amount  to  5s.,  wliich, 
with  the  51.  discount  on  105/.,  is  exactly  equal  to  the  interest  of  105/.  for 
one  year  at  5  per  cent. 

The  truth  of  the  rule  for  working  is  evident  from  the  nature  of  simple 
interest  ;  for  since  the  debt  may  be  considered  as  the  amount  of  some 
principle  (called  here  the  jiresent  worth)  at  a  certain  rate  per  cent,  and 
for  the  given  time,  that  amount  must  be  in  the  same  ptpjDortion,  either  to 
its  ])rincipal  or  interest,  as  the  amount  of  any  other  sum,  at  the  same  rate, 
and  for  the  same  time,  is  to  its  princijial  or  interest. 

Note.  When  goods  are  bought  or  sold,  and  discount  is  to  be  made  for 
present  payment,  at  any  rate  per  cent.,  without  regard  to  time,  the 
interest  of  the  sum,  as  calculated  for  a  year,  is  the  discount. 
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Or  tojind  the  present  worth,  and  hence  the  discount. 

£        jC          £  Now,  by  deducting  till' ])re- 

1  10  :  ICX)  ::  500  sent  worth  from  theolX)/.,  we 

500  have  the  discount. 

£      s.    d. 

11,0)5(KK),0  Thus      .500     0     0 

ioi-  10  ion 


451-  10*.  \0d.  \^' 


TT 
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('J.)  What  is  the  present  worth  of  150/.  payal)le  in  \  year, 
discountint;  at  5  per  cent.?  Ans.  1  iS/.  '2s.  1 1  id. 

(3.)  Wliat  is  tl>e  present  worth  of  75/.  due  15  montlis 
hence,  at  5  per  cent.  ?  Ans.  70/.  1  Is.  9d. 

(+.)  What  is  the  discount  on  85/.  10*.  due  September  the 
8th,  this  being  July  the  ith,  reckoning  interest  at  5  per  cent, 
per  annuui?  Ans.  I5s.  'ild. 

(5.)  What  ready  money  will  disciiarge  a  debt  of  5kS/.  7*. 
due  4  months  and  IS  days  hence,  at  •!•;';  per  cent,  jier  annum? 

Ans.  5;5.S/.  IS.v.  l\d. 

(6.)  Bought  a  quantity  of  goods  for  150/.  ready  monev, 
and  sold  them  again  for  'Iliol.  payable  (  of  a  year  hence  ;  what 
was  the  gain  in  ready  money,  supposing  discount  to  be  mad«* 
at  5  per  cent.  ?  Ans.  Yll.  15*.  .5</. 

(7.)  What  is  the  present  worth  of  120/.  payable  as  follows : 
viz.  50/.  at  ;?  months.  50/.  at  5  months,  and  the  rest  at  8 
months,  discounting  at  Ct  per  cent.  ?  Aim.  I  17/.  '-v.  'd. 


Compounti  {-ntfrfst, 

C'oMPoi  Ni)  Intehest  is  that  which  arises  from  adding  the 
interest,  as  it  l)ecomes  due,  to  the  principal,  and  then  consi- 
dering the  sum  that  accrues,  at  the  end  of  «ach  staled  time 
of  payment,  its  a  new  principal. 

RULE.* 

Find  the  amount  of  the  given  principal,  fur  the  time  of 
the  first  payment,  by  simple  interest. 

•  Tlio  reast>n  of  this  rule  is  evident  from  the  definition,  and  tlie  prin- 
ciples of  sunple  interest. 

H    '2 
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Then  consider  this  amount  as  the  principal  for  the  second 
payment,  the  amount  of  which  calculate  as  before,  and  so  on 
through  all  the  payments  to  the  last,  still  accounting  the  last 
amount  as  the  principal  for  the  next  payment. 

EXAMPLES. 

(1.)  What  is  the  amount  of  320/.  10*.  for  four  years,  at  5   H 
per  cent,  per  annum,  compound  interest? 

£     s.     d. 
^^j)320  10     0     \st  year  s  principal. 
16     0     6     \st  year's  interest. 


^'q)336  10     6    Id  year  s  principal. 
16  16     Q\  Id  year  s  interest. 


^^g)353     7     0^  'id  year  s  principal. 
17   13     4    id  year  s  interest. 


2^0)371      0     ^^  ^ith  year  s  principal, 
18   11     0    ^th  years  interest. 


^389  1 1     4|  tcJiole   amount,  or  the  answer  re- 
quired. 

(2.)  What  is  the  compound  interest  of  760/.  10*.  forborne 
4  years,  at  4  per  cent.?  Ans.  129/.  3*.  6^. 

(3.)  What  is  the  amount  of  15/.  10*.  for  9  years,  at  3^  per 
cent,  per  annum,  compound  interest?  Ans.  21/.  Is.  Sid. 

(4.)  What  is  the  compound  interest  of  410/.  forborne  for 
2iT  years,  at  4j  per  cent,  per  annum ;  the  interest  payable 
lialf-yearly?  Ans.  48/.  4*.  \\\d. 

(5.)  Find  the  several  amounts  of  50/.  payable  yearly,  half- 
yearly,  and  quarterly,  supposing  it  to  have  been  forborne  5 
vears,  at  5  per  cent,  per  annum,  compound  interest. 

Ans.  63/.  16*.  2>ld. ;  64/. ;  and  64/.  1*.  9i</. 


Money  cannot  lawfully  be  lent  at  compound  interest ;  but  in  granting 
or  purchasing  annuities,  leases,  or  reversions,  compound  interest  is  al- 
lowed. 
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(Dquntion  of  ^Japmrnt(5. 

Equation  ok  I'avmkxis  is  tin-  liiiilin<;  a  tinic  to  pav,  at 
once,  several  debts  due  at  diHcreiit  times,  so  that  no  loss  sliall 
be  sustained  by  cither  party. 


Multiply  eacli  payment  by  the  time  at  which  it  is  due  ;  tiieii 
divide  tlie  sum  of  the  products  l»y  the  sum  of  the  payments, 
and  the  tpiotient  will  be  the  time  rerpiired. 

EXAMPLES. 

(  I.)  A.  owe.<«  B.  190/.  to  be  paid  as  follows,  viz.  50/.  in  G 
months,  f)0/.  in  7  months,  and  80/.  in  10  months;  what  is  the 
c<piated  time  to  pay  the  whole? 


*  'I*hi$  mil*  is  fouiuled  u|>on  n  supposition,  that  tlie  sum  of  the  in- 
tercuts of  the  several  debts  which  arc  payable  In-fore  the  e(]uatc<l  time, 
froiii  their  m-vitiI  terms  to  tiiat  time,  uuglit  to  be  e<|iin!  to  the  sum  of  tlie 
interests  of  the  debts  jiayable  after  the  e(|iiated  time,  from  that  time  to 
their  terms;  which  some  writers  have  de'eixL-d,  by  observing  that  what 
is  gained  by  ki.-c|iing  some  of  the  debts  after  they  are  due  is  lost  by 
paying  others  before  they  are  due  ;  but  this  is  not  the  case  :  for  though  by 
keeping  a  debt  unpaid  .after  it  is  ilue,  there  is  gained  tiie  interest  of  it  for 
that  time,  yc-t  by  paying  a  ilebt  In-fore  it  is  due,  the  payer  does  not  lose 
the  inten-st  for  that  time,  but  the  discount  only,  which  is  less  than  the 
interest;  and  therefore  the  rule  is  not  true.  In  most  (|uestions  how- 
ever, thut  occur  in  business  the  error  is  so  triHing,  that  it  will  always  be 
made  use  of  as  the  mtrst  eligible  methixl. 

'l*hat  the  rule  is  univemully  agreeable  to  the  supposition  may  be  thus 
demonstrated : 

id  zsi  first  debt  payable,  and  /  the  distance  of  \la  term. 
D  =  last  debt  payable,  and  T  the  distance  of  its  term. 
X  »  distance  of  the  equated  time, 
r  cr  nile  of  interi-st  of  I/,  for  one  yeiir. 
1  hen,  since  r  lii-s  iK-tween  t  and  /,   the  distance  of  the  time  I  and  x  is 
mr  —  l;  and  the  ilistance  «if  the  time  t  and  x  is  — t  — x. 

But  the  interest  of  «/  for  the  time  x  —  t  is  dryx  —  l);  and  the  interest 
of  i>  for  the  time  t— x  is  Dr{r  —  x):   licncc  c/r(x  — r >=  i>r\T  — x)  by  the 

supposition  ;  and  conse(|ucntly,  from  this  eiiuition,  x  •=  ,   which  is 

n  +  </ 
t^l•  rule;  and  the  same  may  l>c  shown  of  any  numl>er  of  payments. 
'•  'le  rule  is  given  in  c<|uation  of  payments  by  deeimals. 
li  ii 
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50  X        6=:S00 

60  X     7=420 
80  X    10=800 


50  +  60  +  80=190)1520(8 
1520 

A)iswer,  8  months. 

(2.)  A.  owes  B,  52/.  7a'.  Qd.  to  be  paid  in  44  months, 
BOZ.  10^.  to  be  paid  in  3^  months,  and  76/.  2*.  Qd.  to  be  paid 
in  5  months ;  what  is  the  equated  time  to  pay  the  whole  ? 

Ans.  4  mo.  8  da.  21  h. 

(3.)  A.  owes  B.  240/.  to  be  paid  in  6  months,  but  in  1 
month  and  a  half  pays  him  60/.  and  in  44  months  80/.  more  ; 
how  mucli  longer,  therefore,  than  6  months  should  B.  in  equity 
defer  the  rest  ?  Ans.  3-y%  months. 

(4.)  A  debt  is  to  be  paid  as  follows  :  viz.  \  at  tVvo  months, 
tI  at  3  months,  4  at  4  months,  -i  at  5  months,  and  the  rest  at 
7  months  ;  what  is  the  equated  time  to  pay  the  whole  ? 

Ans.  4  mo.  18  da.  and  18  h. 

(5.)  A  owes  B.  100/.  to  be  paid  in  9  months,  and  500/.  to 
be  paid  in  a  year  and  a  half:  from  which  it  is  required  to  find 
the  equated  time  when  the  whole  ought  to  be  paid. 

Ans.  164  months. 

(6.)  A  debt  of  1000/.  is  to  be  paid  as  follows  :  viz.  4  at  8 
months,  -^  at  12  months,  and  the  rest  in  14  year:  from  which 
it  is  required  to  find  the  equated  time  when  the  whole  should 
be  paid.  Ans.  11  months. 

25artfi% 

Barter  is  the  exchanging  of  one  kind  of  commodity  for 
another ;  and  directs  merchants  and  tradesmen  so  to  pro- 
portion the  value  of  their  goods  that  neither  party  may  sustain 
loss. 

rule.* 

Find  the  value  of  that  commodity  whose  quantity  is  given, 
then  find  what  quantity  of  the   other,  at  the  rate  proposed, 

*  This  rule  is,  evidently,  only  an  application  of  the  common  rule  of 
three,  or  of  compound  multiplication. 
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may  be  had  for  tlio  same  money,  ami  tlic  result  will  be  the 
answer. 

examim.es. 
(1.)  How  many  dozens  of  eandles,  at  5.*.  per  dozen,  must 
be   {riven   in    barter  for  3  ewt.  of  tallow,  at  1/.  17*.  k/.  per 
ewt.? 

£   s.     <l. 
1    17      t 

S.  f/'T. 


5    ;  J  I'j   0    ::    1 

20 


5)112 


22  doz.  4^  lb.  the  answer. 


(J.)  II«iw  mueh  sugar,  at  Sf/.  per  lb.  must  be  given  in 
barter  for  20  cwt.  of  tobacco,  at  3/.  per  ewt.  ? 

Afis.  16  cwt.  0  qr.  S  lb. 

(3.)  How  mueh  tea,  at  9s.  per  lb.,  ean  I  have  in  barter  for 
4  cwt.  2  (|rs.  of  clioeolate,  at  Is.  per  lb.?  A/ix.  2  cwt. 

(t.)  How  many  reams  of  paper,  at  2.?.  9\fL  per  ream,  inui^t 
be  given  in  barter  for  37  pieces  of  Irish  elotli,  at  1/.  12.v.  Uf. 
per  piiee?  .'l//.v.  •1-2N,;'-'. 

(5.)  A  nirreliant  has  1000  yards  of  canvas,  at  J)'r/.  jier 
yard,  which  he  barters  for  serge  at  10[^/.  per  yani;  how  many 
yards  must  he  receive?  A/is.  5)2');  ;. 

((>.)  A.  dfliveritl  3  hhds.  of  brandy,  at  (>.«.  Sr/.  per  gallon, 
to  1).,  for  12(>  yards  of  cloth  ;  « lial  was  the  cloth  p«T  yard  ? 

Alls.  ]{)s. 

(7.)  A.  and  H.  baiti-r;  A.  hius  11  ewt.  of  hops,  at  .3()s.  per 
cwt.  for  whieh  H.  gives  him  20/.  in  money,  and  the  rest  in 
))rune.s  at  5ci.  per  Ibn  what  quantity  of  prunes  must  A.  re- 
ceive? Ans.  17  cwt.  3  qrs.  4  lb. 

(vS.)  A.  has  a  quantity  of  pepper,  wt-  IfJOO  lb.  at  17</.  per 
lb.,  which  he  barters  witli  B.  for  two  sorts  of  goods,  the  one 
at  .')(L  the  other  at  Hd.  per  lb.,  and  to  have  \  in  money,  and 
of  each  sort  of  gootls  an  etpial  (piantity  :  how  niany  IIm.  of 
each  must  he  receive,  and  how  much  in  monev  ? 

Ans.  l.UHjJ  lb.  anil  37/.  1 5$.  6^.-l 
II  4 
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profit  antr  ^o^^. 

Profit  axd  Loss  is  a  rule  that  discovers  what  Is  gained 
or  lost  in  the  purchase  or  sale  of  goods  ;  and  instructs  mer- 
chants and  traders  so  to  raise  or  lower  the  price  of  their 
commodities,  as  to  gain  or  lose  so  much  per  cent.  &c. 

Questions  in  this  rule  are  performed  by  the  common  rule 
of  three,  practice,  &c. 

EXAMPLES. 

(1.)  How  must  I  sell  tea  per  lb.  that  cost  me  IS*.  5d,,  to 
gain  after  the  rate  of  25  per  cent.  ? 


£ 

£ 

s.     d. 

100 

:   125    : 

:      13     5 

161 

12 

125 

161           25  per  cent  is 

1 

1 ' 

750 

s. 

d. 

125 

Therefore  i)13 

5 

3 

4 

1,00)201,25 

12)201-5,5^ 


16*.  9\d.  Ans. 


16*.  9\d.  the  ansicer. 


(2.)  At  \\d.  in  the  shilling  profit,  how  much  per  cent.  ? 

Ans.  12/.  10*. 
(3.)  At  3*.  Qd.  in  the  pound  profit,  how  much  per  cent.? 

Ans.  17/.  10*. 

(4.)  If  a  lb.  of  tobacco  cost  \Qd.  and  is  sold  fur  20rf.,  what 

is  the  gain  per  cent.  ?  Ans.  25/. 

(5.)  Bought  goods  at  ^\d.  per  lb.  and  sold  them  at  the 

rate  of  2/.  7«.  4c?.  per  cwt.,  what  was  the  gain  per  cent.  ? 

Ans.  12/.  13*.  \\\d. 

(6.)  Bought  cloth  at  7*.  ^d.  per  yard,  which  not  proving 

so  good  as  I  exp'ected,  it  is  required  to  find  how  I  must  sell 

it  per  yard,  so  as  to  lose  only  17^  per  cent.         Ans.  6*.  2|6?. 

(7.)  Bought  goods  at  2  guineas  per  cwt.  and  sold  them 

again  retail  at  o\d.  per  1')..  what  shall  I  sain  per  cent.? 

Ans.  161.  13*.  id. 
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'.)  If  I  l)»iy  17 \  cwt.  of  sugar  for  35  guineas,  and  retail 
it  iU  "7  [(I.  jx'P  II).,  what  was  the  gain  per  cent.  ? 

A  us.  (if)/.  1  ':>s.  \<L 

(J).)  If  1  l)iiv  tobacco  at  10  puinea**  per  cwt.,  at  wliat  rate 
must  I  retail  it  per  11).,  to  pain  I'J  per  cenL  ?      Aus.  2s.  h/.  !, 

(10.)  If",  wilt  II  I  sell  cloth  at  ~.i.  per  yard,  I  pain  10  per 
wnt.,  what  will  he  the  gain  j)er  cent,  when  it  is  soltl  for 
Bs.  (u/.  per  yard  ?  -  Ans.  3Sl.  1  l.v.  .'id.  I 

(11.)  If  I  buy  2S  pieces  of  stutTs  at  •!•/.  per  piece,  and  sell 
10  of  the  pieces  at  (5/.  and  8  at  .')l.  per  piece,  at  what  rate  per 
piece  must  I  sell  the  rest,  to  gain  'JO  per  cent,  bv  the  whole? 

Ails.  31.  Ss.  9\rl.  ;. 

(12.)  Houpht  40  gallons  of  cider  at  'As.  per  pall.,  but  by 
accident  (i  gallons  of  it  were  lost ;  at  what  rate  must  I  sell 
the  remainder  per  gallon,  to  gain  upon  the  whole  prime  cost 
at  the  rate  of  10  per  cent.  ?  Aus.  3s.  \0\d.  -^.;. 

(1:1.)  Houpht  hose  in  London  at  \s.  3(1.  per  pair,  and  sold 
them  afterwards  in  Dublin  at  G.v.  the  pair;  now,  taking  tin- 
charge  at  an  averape  to  be  'J</.  the  pair,  and  eonsiderinp  that 
I  must  lose  12  j)er  cent,  by  remitting  my  nnuiey  home  again  ; 
uhat  do  I  gain  per  cent,  bv  this  article  of  trade  ? 

Alts.  19/.  10.S-.  IP//. 

(1  i.)  Sold  a  repeating  watch  for  50  guiiu-as,  and  by  so 
doing  lost  17  per  cent.,  wh<-reas  I  ought  in  dealing  to  have 
cleared  20  per  cent.:  how  much  was  it  sold  for  under  the 
just  value  ?  Ans.  '23L  8s.  Old. 


rKLl.owsiilP  is  a  rule,  by  which  merchants  «S.c.  trading  in 
company  with  a  joint  stock,  are  enabled  to  ascertain  each 
pers»tn'.s  particular  share  of  the  gain  or  loss,  in  proportion  to 
his  siiare  in  the  joint  stock. 

By  this  rule  a  bankrupt's  estate  may  be  tlividid  amongst 
his  creditors,  as  also  legacies  adjusted,  when  tlieie  is  a  <le- 
ficiency  of  assets  or  effects.* 

*  Hy  this  rulf.  a  jtivcn  nunibor  or  quantity  rmty  bo  dividm)  into  any 
BunibtT  of  parts  which  shall  have  nii  as»i^nitl  ratio  to  each  other;  wliich 
t«  (lone  by  jsnyio^,  as  I  -r  'i -t  3  &c.  the  iiuml>«r  of  parts  :  the  given  nuin- 
b«>r  ::  each  of  thvM.*  parts  :  the  proportional  p.arts  ret|uire(l. 
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SINGLE  FELLOWSHIP. 

Single  Fellowship  is  when  different  stocks  are  employed 
for  any  certain  equal  time. 

rule.* 

As  the  whole  stock  is  to  the  whole  gain  or  loss,  so  is  each 
man's  particular  stock  to  his  particular  share  of  the  gain  or 
loss. 

METHOD    OF    PROOF. 

Add  all  the  shares  of  gain  or  loss  together,  and  the  sura 
will  be  equal  to  the  whole  gain  or  loss,  when  the  work  is 
right. 

EXAMPLES. 

(1.)  Two  persons  trade  together;  A.  put  into  stock  130/. 
and  B.  220/.,  and  they  gained  500/.  :  what  is  each  person's 
share  of  the  profit  ? 


£ 

£ 

£ 

£ 

130 

350 

500    : 

:    130 

220 

Or  7    : 

10    : 

130 

:    130 

350  whole  stock.  

7)1300 


^185  14*.  S^d.  ^  A.'s  share. 

Proof. 
£     s.    d. 
185  14     31-  4  A.'s  share. 

314__5_8|  4  B.'s  share. 

"7)2200  500     0^.  0^.  tvhole  gain. 

^314  5s.  Ud.  I  B.'s  share. 


£ 

£ 

£ 

7 

10    : 

220 

220 

*  That  the  gain  or  loss  in  this  rule  is  in  proportion  to  the  respective 
stocks  is  evident  ;  for,  as  the  times  the  stocks  are  in  trade  are  equal,  if  I 
put  in  i  of  the  whole  stock,  I  ought  to  have  i  of  tlie  whole  gain  ;  if  my 
part  of  the  whole  stock  be  l,  my  share  of  the'whole  gain  or  loss  ought 

also  to  be  ^  ;  and  generally,  if  I  put  in  -  of  the  stock,  I  ought  to  have  - 

«  n 

part  of  the  whole  gain  or  loss ;  that  is,  whatever  ratio  the  whole  stock 
has  to  the  whole  gain  or  loss,  the  same  ratio  must  each  person's  par- 
ticular stock  have  to  his  respective  gain  or  loss. 


SINCJLK    FEI.I.OW.SIIIP.  l.).> 

(2.)   A.  and  H.  iiavt-  painrd  by  tnuliiit;   1R2/. ;  A.  put  into 

stock  .S(K)/.  iuiil  I).  100/.;  what  is  eacli  jxT.son's  sliarc  of  tin' 

profit?  Alls.  A.  7H/.  ami  H.  lot/. 

(li.)  Dividt?    I'JO/.   bttweeii    three    persons,    s«)   that    thtir 

shares  shall  be  to  each  other  as  1,  2,  and  3,  rospectivelv. 

Alls.  20/.,  K)/..  and  GOL 
(i.)  Three  persons  make  a  joint  stock  :  A.  put  in  IHIV.  \0s., 
B.  i)fS/.  \')s.,  and  C.  76/.  5.i.:  they  trade  and  ^ain  220/.  12*.: 
what  is  each  pi'i-son's  share  of  the  profit  ? 

Alls.  A.  11:^/.  ia«.  V','^  li.  ;'55)/-  li-?.  -'fv  <^'-  ^"''  J*-:'i'i- 

(  ">.)  I'our  persons  in  partnership.  A..  H.,  C.,  and  1).,  put  into 

stock    ISO/..  21-0/.,  :i.)0/.,   and    k'JO/.    respectively,  f.)r  .5  years 

certiiin,  ami  at  the  end  of  that  time  they  find  tiny  have  gained 

3G0()/. :   what  is  each  person's  shan*  of  tlu'  profit  ? 

Alls.  A.  .-)K)/.,  B.  720/..  C.  1  ().->()/..  an.l  D.  1290/. 
(G.)  Three  merehants.  .\.,  B.,  and  C  freiglit  a  ship  with 
3tO  tuns  of  wine;  \.  loaded  110  tuns,  li.  f>7,  ami  C  the  rest. 
In  a  storm  the  .seamen  were  obliged  to  throw  S.3  tuns  over- 
board ;  how  much  nmst  each  sustain  of  the  loss? 

Ans.  A.  27^  B.  2il,  and  C.  33J. 
(7.)  A  ship  worth  WiO/.  being  entirely  lost,   of  which    ' 
belonged   to  A.,  \  to  IJ.,  and  the   rest  to  C,  what  loss  will 
each  sustain,  supposing  500/.  of  her  to  have  been  insured  ? 

Anjt.  A.  1-.5/.,  B.  901.,  and  C.  22.1/. 
(S.)  A  bankrupt  is  indebted  to  A.  27.'>/.  ll-*.,  to  B.  SOt/. 
7.*.,  to  C.  1  Vi/.,  and  to  D.  101/.  Gs.,   and   his  estate  is  worth 
only  675/.  15.*.,  how  niu.-t  it  be  divided  ? 

An.s.  A.  222/.  I5s.  '2>/.,  B.2i5/.  IS.v.  P.«/.,  C.  122/.  16*.  2>/, 

and  D.  Sil.  os.  'yd. 
(i>.)  A.  and  B.,  venturing  ecpial  sunis  of  money,  clear  by 
joint  trade  1.51/.  By  agreement  A.  was  to  have  S  per  cent, 
on  acc(uuit  of  the  time  he  spent  in  the  execution  of  the  pro- 
ject, and  B.  w.x«i  to  have  only  5  jmt  cenL;  what  was  A.  allowed 
for  his  trouble?  Ans.  .S5/.  lO.v.  !)</.   ,''_ 

(10.)  A  person  ordereil  1000/.  to  be  diviiled  among  his 
three  sons,  so  that  A.  might  have  }  part,  B.  \,  and  C.  ^  : 
what  is  the  just  share  of  each  ? 

Alls.  A.  Vl-j/.  10s.  7  J</.,  H.  319/.  2s.  1 1  Af/.,  ('.  2.55/. 
6*.  1-W. 
(11.)  Three  merchants,  in  partnership,  A.,  B.,  a!nl  C,  put 
into  stock  2000/.,  35(K)/.,  and  4550/.  respectively,  for  3  years 

II  6 
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certain,  and  at  the  end  of  that  time  find  they  have  cleared 
10,000/.,  wliat  is  each  person's  share  of  the  gain  ? 

Ans.  A.  1990/.  Os.  ll|c/.,  B.  3482/.  11*.  S^d.,  C. 
4527/.  Is.  Ud. 


Double  Fellowship  is  when  equal  or  different  stocks  are 
employed  for  different  times. 

rule.* 

Multiply  each  man's  stock  into  the  time  of  its  continuance, 
then  say  : 

As  the  sum  of  all  the  products  is  to  the  whole  gain  or  loss, 
so  is  each  man's  particular  product  to  his  particular  share  of 
the  gain  or  loss. 

EXAMPLES. 

(1.)  A.  and  B.  hold  a  piece  of  ground  in  common,  for 
which  they  are  to  pay  36/.  A.  put  in  23  oxen  for  27  days, 
and  B.  21  oxen  for  39  days ;  what  ought  each  man  to  pay  of 
the  rent  ? 

23   X  27  =  621 

21   X  39  =  819 


819 


1440 

1440 

:  36  : 

:  621 

Or   240 

:  6  : 

:  621 

40  :  1 

Or     40 

:  1  : 

621 

:  621 

819 

4,0)62,1 


4,0)81,9 


15/.  10*.  6d.  A.'s  share. 


20/.  9s.  6d.  B.'s  share. 


*  Several  autliors  have  given  an  analytical  investigation  of  this  rule  ; 
but  the  principle  on  which  it  is  founded  may  be  easily  shown,  as  follows : 

When  the  times  are  equal,  the  shares  of  the  gain  or  loss  arc  evidently 
as  the  stocks,  as  in  single  fellowship  ;  and  when  the  stocks  are  equal,  the 
shares  are  as  the  times  ;  consequently,  when  neither  of  them  are  equal, 
the  shares  must  be  as  their  products. 


DOUBLE    FELLOWSHIP.  157 

(2.)  Two  troops  of  horse  rent  a  fitltl,  for  which  thoy  arc 
to  pay  8'i/.  ;  one  of  the  troops  soiit  (ii  horses  for  'J.5  ilays, 
and  the  other  5<>  liorses  for  30  days:  h<»w  much  of  the  nut 
must  eucli  troop  pay  ?  -^«-»'  1st  troop  Wl.  ;  'Jil  V2l. 

(3.)  A.,  lU  and  C".  hohl  a  pasture  in  common,  for  which 
thev  pay  30/.  per  annum  ;  A.  put  into  it  7  oxen  for  3  ninyths, 
li.  }>  oxiii  for  5  months,  and  C.  1-  for  12  months:  wiiat  mu>t 
each  pav  of  the  rent? 

A„s.  A.  :>l.  \0s.  6\<L  .,Y^,   H.  1  1/.  H5.V.  lOf/.  V;\,  and 
C.  ILV.  12«.  7W.  t'A. 

(t.)  Tliree  graziers  hired  a  piece  of  land  for  GO/.  lO.v.  :  A. 
piit  in  5  shet'p  for  t',  months,  B.  put  in  H  for  5  niontlis,  and 
C.  put  in  U  for  (H  months  :  how  much  must  each  pav  of  the 
rent?  '      Ahs.  a.  11/.  5.V.,  B.  20/.,  and  C."29/.  5s. 

{.'>.)  Two  merchants  enter  into  partnership  for  18  months; 
A.  j)ut  into  stock  at  lirst  '2(X)/.  and  at  S  months'  end  he  put 
in  1(X)/.  more  ;  B.  put  in  at  tirst  j.jO/.  and  at  1-  nionths'  iiid 
took  out  1  iO/.  Now  at  the  expiration  of  the  time  they  tind 
thev  have  gained  52G/. ;  what  is  each  man's  just  share? 

'      Ans.  A.  H>2/.  195.  Ot/.  ^^^^,  B.  333/.  Os.  ll^d  ^.^^\. 

(6.)  A.  with  a  capital  of  1000/.  began  trade  January  1st, 
181-2,  and,  meeting  with  success  in  business,  took  in  B.  as  a 
partner,  witli  a  capital  of  l.KX)/.  on  the  1st  of  March  billow- 
ing. Three  months  after  tliis  they  ailmit  C.  as  a  third  partner, 
wiio  brought  into  stock  2S()0/.,  and  after  trading  together  till 
the  first  of  the  next  year.  th«'y  timl  (here  has  been  gained, 
since  A.'s  comnn'ncing  business  1T7<)/.  10*-  :  how  mus>t  this 
be  dividetl  anujugst  the  partners  ? 

A,is.  A.  457/.  9i.  4irf.,  B.  571/.  Ifw-Sj^/.,  C.  7t7/.  35. 1 1  \d. 

(7.)  A  ship's  company  take  a  j)rix.e  of  1000/.,  which  is  to  be 
divided  b«'tweeii  them  according  to  their  pay,  and  the  lime 
thev  have  been  on  board.  Now  liie  officers,  wlio  are  i  in 
iiumb*r,  and  have  each  M)s.  a  month,  and  the  midshipnteii, 
who  are  12  in  number,  and  have  each  .'JO*,  a  month,  have 
been  on  board  6  months  .  and  the  sailors,  who  are  1 10  in 
number,  and  have  each  22.*.  a  nu)nth,  have  been  on  board  3 
months:   what  will  be  the  share  of  each  ? 

Ans.  Kach  ofbcer  23/.  2.*.  '>\<f.f   each   midshipman 
17/.  6s.  y^^.,  each  seaman  (>/.  7*.  2^/. 
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(8.)  A  detachment,  consisting  of  4  companies^  being  sent 
into  a  garrison,  in  which  the  duty  requires  60  men  a  day,  what 
number  must  each  company  furnish,  in  proportion  to  its 
strength,  the  1st  consisting  of  42  men,  the  2d  of  49,  the  3d 
of  56,  and  the  4th  of  63? 

A?is.  1st  12  men,  2d  14,  3d  16,  4th  18. 


ailligatioiu 

Alligation  is  the  method  of  finding  the  vahie  of  any 
mixture,  or  compound,  that  is  formed  of  several  ingredients ; 
the  rule  for  which  resolves  itself  into  the  following  cases. 


When  the  rates  and  quantities  of  the  several  ingredients 
are  given,  to  find  the  value  of  the  compound. 

RULE.* 

Multiply  each  quantity  by  its  rate  ;  then  divide  the  sum 
of  the  products  by  the  sum  of  the  quantities,  or  the  Avhole 
composition,  and  the  quotient  will  be  the  rate  of  the  compound 
required. 

EXAMPLES. 

(1.)  Suppose  15  bushels  of  barley  at  5s.  per  bushel,  and  12 
bushels  of  rye  at  3s.  6d.  per  bushel,  were  mixed  together :  how 
must  the  compound  be  sold  per  bushel  without  loss  or  gain  ? 

*   The  truth  of  this  rule  is  too  evident  to  need  a  demonstration. 

Note.  The  24th  part  of  a  pound  of  pure  gold  is  called  a  carat ;  and  if 
anj'  mass  of  this  metal  be  mixed  with  another  of  a  baser  kind,  which  is 
called  the  alloy,  the  mixture  is  said  to  be  of  so  many  carats  fine,  accord- 
ing to  the  proportion  of  pure  gold  contained  in  it ;  thus,  if  22  carats  of 
pure  gold  and  2  of  alloy  are  mixed  together,  it  is  said  to  be  22  carats 
fine. 

An  ounce,  or  any  other  mass  of  silver,  on  the  contrary,  is  said  to  be  of 
so  many  pennyweights  fine,  according  to  the  number  of  penny-weights 
of  pure  silver  contained  in  it  ;  and  if,  in  either  of  these  cases,  any  one  of 
the  simples  should  be  of  little  or  no  value  with  respect  to  the  rest,  its  rate 
is  supposed  to  be  nothing,  as  water  mixed  with  wine,  and  alloy  with  gold 
or  silver. 
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l.l  I'J  12 


'MX)  50+ 

(SO  900 


900  27)lKH(52r/.=  [s.  Ul.  the  An$. 

185 


5t 
54 


(2.)  A  composition  boing  made  of  5  lb.  of  toa  at  ~s.  por  lb., 
911).  at  S.«.  (u/.  per  lb.,  ami  \\-\  11).  at  os.  \Q<I.  per  lb.,  what  is 
a  lb.  of  it  worth  ?  Aiis.  Gs.  \0\(1. 

(.S.)  Mixrd  \  gallons  of  low  winR  at  4*.  10^/.  per  gall.  ^\  itii 
7  gallons  at  'ys.  'Ml.  per  gall.,  and  9 '  gallons  at  5s.  Hff.  ])vr 
gall. ;  what  is  a  gallon  of  this  composition  worth  ? 

Alls.  OS.  l-UL 

(4.)  A  mealman  would  mix  3  bushels  of  coarse  tlour  at 
fU.  5*1.  ]nr  bushel,  4  bushels  at  5s.  (id.  per  bushel,  and  5 
bushels  at  4.v.  .V/.  per  bush«'l  ;  what  is  the  worth  of  a  bushel 
of  this  mixture?  Ans.  is.  7}.^/. 

(5.)  A  goldsmith  melts  8  lb.  5 A  oz.  of  gold  bullion  of  14 
carats  fine,  with  121b.  84  oz.  of  18  carats  fine:  how  many 
carats  fine  is  this  mixture?  Ans.  16-f%V  carats. 

(6.)  A  refiner  melts  10  lb.  of  gold  of  20  carata  fine,  with 
If)  lb.  of  IK  carats  fine  ;  how  much  alloy  must  be  put  to  it  to 
nmke  it  22  carats  fine  ? 

Aii.^.  It  is  not  fine  enough  by  3  ,\  carats,  so  that  no 
alloy  muot  be  put  to  it,  but  more  gt>ld. 

CASK    II. 

To  find  what  (juantitv  of  any  number  of  ingredients,  whoso 
rates  are  given,  will  compose  a  uiixture  of  a  givt-n  rate. 

RULE.* 

1.  Write  down  the  rates  of  the  ingredients  in  a  colunui 
directly  under  each  other. 

Dtmon.    By  connecting  the  leas  rate  with  llie  p-mtcr.  and  placing 
in>  (liflTcrenccs  between  them   and  the  nwiin  nitc  ■Ueniatcly,  the  quan- 
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2.  Connect  by  a  curved  line,  the  rate  of  each  simple,  which 
is  less  than  that  of  the  compound,  with  one  or  any  number  of 
those  that  are  greater,  and  each  greater  rate  with  one  or  any 
number  of  those  that  are  less. 

3.  Put  the  difference  between  the  mixture  rate,  and  that 
of  each  of  the  simples,  opposite  the  contrary  rate  with  which 
it  is  linked. 

4.  Then  if  only  one  difference  stand  against  any  rate,  it 
will  be  the  quantity  belonging  to  that  rate;  but  if  there  be 
several,  their  sum  will  be  the  quantity. 

EXAMPLES. 

(1.)  A  merchant  would  mix  wines  at  17 s.,  18s.,  and  22s.  per 
gallon,  so  as  that  the  mixture  may  be  worth  20s.  the  gallon ; 
what  quantity  of  each  must  be  taken  ? 


20-^ 


18^  A 


2  at  17*. 
2  at  18*. 


Obs. 


29.//    J  3  +  2  =  5  at  22*. 

Ans.  2  gallons  at  17s. ;  2  at  18*. ; 
Proof  2  gals.         at  1 7*.=   34*. 
2  gals.         at  18*.=  36*. 
5^  gals.         at  22*.= 110*. 
9  9)180*. 

Value  of  the  mixture  20*. 


22-20=2 
22-20=2 
20-17=3)  _- 
20-18=2/  -"^ 


and  5  at  22*. 


titles  resulting  are  such,  that  there  is  precisely  as  much  gained  by  one 
quantity  as  is  lost  by  the  other,  and  therefore  the  gain  and  loss  upon 
the  whole  must  be  equal,  and  is  exactly  the  proposed  rate ;  and  the 
same  will  be  true  of  any  other  two  simples  managed  according  to  the 
rule. 

In  like  manner,  let  the  number  of  simples  be  what  they  may,  and  with 
how  many  soever  every  one  is  linked,  since  it  is  always  a  less  with  a 
greater  than  the  mean  price,  there  will  be  an  equal  balance  of  loss  and 
gain  between  every  two,  and  consequently  an  equal  balance  on  the 
whole. 

It  is  obvious,  from  the  rule,  that  questions  of  this  sort  admit  of  a  great 
variety  of  answers ;  for  having  found  one  answer,  we  may  find  as  many 
others  as  we  please,  by  only  multiplying  or  dividing  each  of  the  quanti- 
ties found  by  2,  3,  or  4,  &c.,  the  reason  of  which  is  evident;  for  if  two 
quantities  of  two  simples  make  a  balance  of  loss  and  gain,  with  respect  to 
the  mean  price,  so  must  also  the  double  or  treble,  the  5  or  i  part,  of  any 
other  equimultiples  or  parts  of  these  quantities. 

These  kinds  of  questions  are  called   by  algebraists  indeterminate  or 
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(2.)  How  much  low  wine  at  G».  per  gallon,  and  at  4«.  per 
gallon,  must  \n'  mixed  togetluT,  that  the  composition  may  be 
worth  ')s.  |t(  r  ;jallon  ?  ^'l//.v.  1  (jt.  or  1  «^al.  <kc. 

{li.)  Mow  miicii  Hriti>h  spirits  at  I'J.v.  and  I5.i,  per  {gallon, 
must  he  mixed  witii  home-made  wine  at  7«.  p«'r  gallon,  in 
order  to  jiroduce  a  mixture  worth  10*.  a  gallon  ? 

A/IS.  '.i  at  I'i.v. ;  3  at  \5s. ;  and  7  at  7.*. 
(4-.)   A  goldsmith  has  gold  of  17,  IH,  22,  and  21-  carats  fine  : 
how  uuidi  must  he  t^ike  of  eacii  to  make  it  21  carats  tine? 

Ans.  :i  oin  ;    1  of  IS  ;  :i  of  22  ;  and  +  of  2i. 
( .>. )   It  is  required  to  mix  British  spirits  at  S.v.,  low  wine  at 
7*.,  cider  at  l.<.,  ar)il   water  at  0  per  gallon   together,  so  that 
the  mixture  may  be  worth  5s.  per  gallon. 

Alts.  5  gals,  of  brandy,  4  of  wine,  2  of  cider, 
and  3  of  water. 
((>.)   I  low  much  sugar  at  W.,  at  G(L,  and  at   lid.  per  lb., 
irmst  be  mixed  together,  so  that  the  composition  formed  by 
them  mav  he  worth  7'/.  per  lb.  ? 

Ai's.  i  lbs.  of  each  sort,  or  1  lb.,  or  1  stone,  or  1  ewt., 
or  any  other  ef|ual  (piantity  of  each  sort,  would 
be  worth  7(i.  per  lb. 

C.\SK    III. 

When  the  whole  composition  is  limited  to  a  certain  quan- 
tity. 

RLLE.* 

I'ind  an  answer  as  before  by  linking  ;  then  .say,  as  the  sum 
of  the  cpiantities,  or  differences  thus  determined,  is  to  the 


vmlimited  problems,  and  by  an  analytical  process  forRiuIs  niay  be  obtained 
that  will  enable  us  to  ascertain  all  the  various  aiuwvn  of  which  they  are 
siisreptitile. 

•  A  prt-at  number  of  questions  mi^^ht  be  here  given  rclatitifr  to  the 
specifi',-  jfravitics  of  niclals  Ac.  ;  but  as  they  arv  Ik-si  porfornu-d  by  otiier 
means  I  sli.ill  only  give  one  of  the  most  curious  of  them,  anil  work  out 
the  example  at  large. 

Iliero,  king  of  Syracuse,  gave  orders  for  a  crown  to  Itc  made  for  him 
of  pure  gold  ;  but  .sus|H-ctii)g  the  workman  had  debased  it,  by  mixing  it 
with  silver  or  copper,  he  rretininiendetl  the  discovery  of  the  fraud  to  the 
celihratitl  .Archimedes;  and  dmired  to  know  the  exact  nuantity  ofulloy 
in  the  crown. 

Archime<les,  in  onlcr  to  detect  the  im|K»ition.  procure*!  two  other 
mavscs  the  one  oi'  pure  gold,  the  other  of  silver  or  copper,  and  each  of  the 
»anie  weight  with  the  fornter  ;  and  by  putting  Ihcm  sej>arately  into  a 
ves&el  full  of  water,  the  quantity  of  water  ex|K-lle<l  by  them  determined 
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given  quantity,  so  is  eacli  ingredient  found  by  linking,  to  the 
required  quantity  of  each. 

EXAMPLES. 

(1.)  How  much  gold  of  15,  17,  18,  and  22  carats  fine, 
must  be  mixed  together  to  form  a  composition  of  40  oz.  of 
20  carats  fine  ? 

Here  the  differences  between  each  of  the  quantities  and  the 
mean  rate,  as  found  by  linking,  are  as  below. 

'15^^  ...     2 

17--x^-         -         -     2 

20-!  18->.  VI-         -         -     2 

.22^  5  +  3  +  2  =  10 
And  2  +  2  +  2  +  10=  16,  their  sum. 
WJience,  by  the  other  part  of  the  rule. 


16  :  40 


2    .    40x2_80_g 

16        16 
10    •    ^0xl0_400— 9; 


16  16 

Ana.  5  oz.  of  15,  17,  and  18  carats  fine,  and  25  oz.  of 
22  carats  fine. 


their  specific  gravities  ;  from  which,  and  their  given  weights,  the  quan- 
tities of  gold  and  alloy  in  the  crown  may  be  determined. 

Suppose  for  instance  the  weight  of  each  mass  to  be  10  lb.,  and  that  the 
water  expelled  by  the  copper  or  silver  was  .92  lb.,  by  the  gold  .52  lb., 
and  by  the  compound  crown  .64  lb.,  and  that  it  was  required  to  find  the 
quantities  of  gold  and  alloy  in  the  crown. 

Here  the  rates  of  the  simple  are  92  and  52,  and  of  the  compound  64 ; 
therefore, 

-  ,  I  92       ...      12  of  copper  or  silver. 
I  52        ...     28  of  gold. 

for  64  —  52=12;  and  92  — 64  =  28. 

But  the  sum  of  these  is  12  +  28  =  40,  which  should  have  been  but  10; 
whence,  by  the  rule, 

40  :   10  ::  12  :  3  lb.  of  copper  1, 

,^^  .*     ^    .    _,,       c     ',j  the  answer. 

40  :  10  ::  28  :  7  lb.  of  gold    j 

This  method  of  solving  the  question,  however,  though  very  ingenious, 
is  now  known  to  be  inaccurate  ;  as  the  specific  gravity  of  a  compound,  of 
two  or  more  metals,  often  differs  considerably  from  the  mean  of  the 
metals  of  which  it  is  composed. 
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(2.)  A  grocer  has  currants  at  k/.,  6fi.,  9fl.,  and  1 1^/.  i«'r  ll»., 
and  would  make  a  mixture  of  'i+0  lb.,  so  that  it  may  be  siihl 
at  ^(l.  {)iT  ll)„  how  much  of  t-acli  sort  must  he  take? 

A/IS.  T'J  II).  at  W. ;  '21  at  fw/. ;  4-H  at  9r/. ;  and  iXJ  at  1  l(f. 

..)   How  many  ^'alloiis  of  Hritish  spirits,  at  I'J.v.,  l.lv,,  and 

l.'^s.  a  gallon,  mu>t  a  n-ctifier  ot'  compounds  take  to  make  a 

mixture  of  l(KK)  ijallons,  that  shall  be  worth  17*.  a  gallon  ? 

Alls.  1  i  1  y  at  V2s. ;   1 1 1  ^  at  I5s. ;  and  777  ^  at  18*. 

(  1.)  A  diu>,'j,'ist  lias  two  sorts  of  bark,  worth    ')s.9tl.  and 

lO.v.  a  j)ound  ;  what  jiortion  of  each  must  he  take  to  make  a 

mixture  of  l\  cwt.  that  shall  be  worth  S»\  (>«/.  a  lb.? 

Ans.  5i>^  lb.  at  5s.  9d.,  and  lOS  J  :  at  10.?. 

CASE    IV. 

WlicM  one  of  the  inj^redieuts  is  limited  to  a  certain  quantity. 

RULE.* 

Take  the  difference  between  each  price  and  the  mean  rate, 
as  before ;  then, 

As  the  difference  of  that  simple  whose  quantity  is  given 
is  to  the  rest  of  the  diffen-ncj-s  respectively,  so  is  the  (luantity 
given  to  the  sevend  tpiantities  rcquireil. 

EXAMl'I.KS. 

(1.)  How  much  home-made  wine  at  .'>,?.,  at  .')S.  <W.,  and  6s. 
the  gallon,  must  be  mixed  with  !$  gallons  at  i.v.  per  gallon,  so 
that  the  mixture  may  be  worth  .5.v.  k/.  j)er  gallon? 


Aru.  3  gallons  at  5«. ;  6  at  5s.  6d.;  and  6  at  6$. 


•  In  the  s.itiu'  mnniuT  rjiiostions  of  tills  kiiut  may  Ik;  wi)rki'<l  when 
scuTiil  of  i!k'  iiijjrotiiont*  are  iimiuti  to  ccrtniii  i|uantilics  by  finding  first 
for  oi\c  linnt,  aiui  tlicn  for  nnotlu-r. 

The  l.Tst  two  nilcs  want  no  iltMnonitration,  as  they  i-vidcntly  itaiuU  from 
till-  fip>t,  tlic  reason  of  nrliich  has  been  alrvady  cxpUinrti. 
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(2.)  A  grocer  would  mix  teas  at  12s.,  lOs.,  and  6s.  per  lb., 
Avith  20  lb.  at  4*.,  how  much  of  each  sort  must  he  take  to 
make  the  composition  worth  8.9.  per  lb.  ? 

Atis.  201b.  at45. ;  10  lb.  at  6*. ;  10  lb.  at  10s. ;  and 
201b.  at  12*. 
(3.)  How  much  gold  of  15,  of  17,  and  of  22  carats  fine, 
must  be  mixed  with  5  oz.  of  18  carats  fine,  so  that  the  com- 
position may  be  20  carats  fine  ? 

Ans.  5  oz.  of  15  carats  fine,  5  oz.  of  17,  and  25  of  22. 
(4.)  A  rectifier  of  compounds,  who  has  500  gallons  of 
spirits,  worth  IS*.  4c?.  a  gallon,  means  to  mix  them  with  three 
other  kinds,  worth  12*.  6c/.,  15*.  4c?.,  and  16s.  6d.  per  gallon, 
in  order  to  sell  the  whole  at  16*.  6d. ;  how  much  of  each 
must  he  take? 

Ans.  500  gals,  at  13*.  4c?. ;  500  gals,  at  12*.  6d. ;  500 
at  14*. ;  and  26424  at  16*.  6d. 


Simple  hxttvt^t  h^  Mttiiml^. 

RULE.* 

Multiply  the  ratio,  or  rate  of  interest  of  ll.  for  1  year,  by 
the  time,  and  this  product  being  again  multiplied  by  the  prin- 
cipal, will  give  the  interest  required :  Avhich  interest,  added 
to  the  principal,  gives  the  amount. 

The  ratio,  or  rate  at  simple  interest  of  1/.  for  1  year, 
from  3  to  5  per  cent,  is  as  follows  : 

£  £  £ 

3  per  cent,  is  .03    for  100 
31      .035  for  100 

4        .04    for  100 

4ir      .045  for  100 

5"       .05    for  100 


£ 

£ 

:    3    . 

.03 

:    31 

•    .035 

:    4 

.04 

:    4J 

.045 

:    5 

.05 

*  The  following  theorems  will  show  all  the  possible  cases  of  simple 
interest;  observing  tliat  i  =  lhe  interest,  ;j  =  principal,  f  =  time,  «  = 
amount,  and  r  the  ratio,  or  the  rate  of  interest  of  ^^  1  for  a  year. 

1.  i^prt.  _^     ^_«-P 

2.  a  =  p(^r+ l)=/j)t-i-;>.  y>r 
„                 «                                               r-           a—p 

tr+1    ^  pt 
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Till'  iuteri'st  of  \L  for  o/te  day  is  thus  found, 
days         .^'  day  tt' 

As  365    :     .05     ::      l     :     .OOOl  369863. 


EXAMPLKS. 


(I.)  What  is  thi'  interest  of  U+5/.  lOs.  for  3  years,  at  5  per 
cent,  per  annum.  £ 

945.5   =p 
.05   =r 

Tfteori-in  or  rule.  

prt=i 
/'= 945.5/. 
/•=.()5 
/^3 


47.275   =pr 
3   =t 


141.825    =prt=i,  the  interest. 
20 


16..500     Ans.  111/.  l(jj..  (j</. 
12 


6.(K)0 


A    TABLE  thawing  iht  numlirr  of  days  from  one  day  of  any  month  to  the 
lante  dtiy  of  any  other  month. 


Fnmamf 

daj,of 

~| 

To        J,v' 

Koh. 

Mur. 

Apr. 

M»j 

Junr 

July  I  Auk. 

Sept. 

Oct. 

\o». 

I>fC.I 

J.^n.     ;$(;.» 

■MW 

306 

'-'75 

245 

214 

184' 153 

1'22 

92 

61 

31  ! 

Fit>.   1    31 

rw>5 

337 

306  1  'i76 

245 

215    184  1 153 

l'23 

92 

62  i 

""   r    1    59 

as 

3<i5 

3.S4 

:504 

•273 

'243  '212 

IKI 

151 

I'iO 

901 

1,    90 

59 

31 
61 

365 
30 

335 

M65 

304 

274    243 

;    '-'73 

2 1 2 
242 

182 
212 

151 
181 

121 
151 

I'iO 

S9 

l.Sl 

I  '20 

9-.' 

61 

31 

(04 

•-'73 

243 

212 

182  1 

July    1  181 

\M 

1  •>> 

91 

61 

;;u 

ioj    :)34 

3()3 

273 

'-'42 

212, 

Aiiil.  1212 

IHl 

153 
184 

153 

92 
1-23 

61 
92 

31     365 
62      SI 

334 
.365 

304 
335 

273 
301 

•243  [ 

•-MS 

■i\'> 

274  ij 

'.'73 

'JVJ 

■^14 

183 

153 

122 

92      61 

.•JO 

365 

3:!l 

no-1 

304 

uv^ 

•-'45 

'-M4 

184 

153 

123      92 

61 

31 

, 

334 

303 

•-'75 

a-M 

214 

183 

153    122 

91 

61 

oiit.  il.iy 


In  Icsp-year,  if  the  end  of  the  moalh  of  Fcbruar/  be  in  the  tiin*, 

must  bv  added  on  that  account. 
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(2.)  What  is  the  interest  of  796/.  15*.  for  5  years,  at  4  per 
cent,  per  ann.?  Ans.  1591.  7s. 

(3.)  What  is  the  simple  interest  of  880/.  for  11  year,  at  S^ 
per  cent,  per  ann.  ?  Ans.  38/.  10*. 

(4.)  What  is  the  interest  of  537/.  15.9.  from  November 
llth,  1842,  to  June  5th,  1843,  at  3|  per  cent.? 

Ans.  11/.  Os.  O^d. 


©iscouut  h^  Brtimal^  at  Simple  ^itteitsit* 

RULE.* 

As  the  amount  of  1/.  for  the  given  time,  and  at  the  given 
rate  per  pound,  is  to  1/.,  so  is  the  interest  of  the  debt  for  that 
time  to  the  discount  required :  and  if  the  discount  be  sub- 
tracted from  the  principal,  the  remainder  will  be  the  present 
worth. 

EXAMPLES. 

(1.)  What  is  the  discount,  and  also  the  present  worth  of 
573/.  15s.  due  3  years  hence,  at  4^  per  cent,  per  annum  ? 

Here  .045  rate  of  \l. per  annum=^r. 

3=t 
The  formula 


■     /_    *^^  .l35=7't=int.ofll.forS?/ear, 

~l  +  rt  1. 


'[A35=:l-\-7-i=amoiint  of  11.  for  3  years. 


*  If  s  represent  the  sum  due,  or  the  sum  to  be  discounted,  i  the  in- 
terest, p  the  present  worth,  t  the  time,  d  the  discount,  and  r  the  rate  of  1/. 
per  annum,  we  shall  have  the  following  theorems  :  —  1 

Thus,  i  =  srt ;  d= ;  p  = ,  present  loorth. 

\+rt  \+rt  ' 

s=;,(l  +  rt)  ;   t  =  '^~P  ;   r  =  ^SlP,  the  rate, 
rp  sj) 

And  if  the  same  letters  be  retained,  except  making  r  in  this  case  the  rate 
per  cent,  per  annum,  the   following  table  will  represent  all  the  varieties  ' 
that   can   happen,   with   respect   to   present  worth  and  discount,  for  any  j 
number  of  years,  months,  or  days,  according  as  the  nature  of  the  question 
may  require. 
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f  =  .'573.7.'7. 

o73.7.)=* 

rz=.m5 

.(Ho  =  r 

f=3 

28687.5 
229500 

25.81S75  =  .vr 
3^t 


I  =77.4'5625:=5r/=: /'/</.  off/w  debt  for  3  years. 

Then  77. 1.5(5'-'.j  h-  1 . 1 35  =68.24-3/.= —-    =  d,  (lie  discount. 

1  +r< 

Or  1.13.5/.   :    !/.   ::    77.4-562.';/.    :    68.24-3/.= 
68/.  \s.  low/,  (he  discount  as  before. 
And  51 'M.  1.5.V.-6S/. -I-.-.-.  10'//. =505/.  lO.v.  \\d.thp  present 
worth.      Or  the  jtresent  worth  mat/  be  found  by  the  formula 

n=  -•'-.    Thus,  573.75-v- 1.135=505.506=505/.  10*.  U</. 
'       l+rt 

(2.)  What  is  the  discount  of  725/.  I6.v.  On-  5  months,  at 
3/,  ptT  cent,  per  annum  ?  Ans.  1 1/.  10.-.-.  7Af/. 

(3.)  What  ready  money  \villdiscliargeadebtoll.S77/.  \3s.^. 
due  2  years,  3  (|iiarters,  and  25  days  hence,  discounting  at 
i'  per  cent,  per  annum?  Ans.  1226/.  8*-.  3d. 


The  present  worth  of  any  sum  s  at  simple  interest. 
/  months. 


iRsiie  per  cent.    For  t  years. 


r  per  cent. 


100* 
ir+ 100 


t  days. 


1200* 
<r  +  120() 


36500* 
/r+36506 


The  discount  of  any  sum  s,  paid  before  it  is  due. 


1 
R^te  per  cent 

For  /  years. 

/  montlis. 

I  days. 

str 
/r+lOO 

$tr 

/r+1200 

«*r 

r  per  cent. 

/r  +  36500 

168  EQUATION    OF    PAYMENTS    BY    DECIMALS. 


(Equation  of  ^apnunts  h^  IB^cimals!. 

Having  two  debts  due  at  different  times,  to  find  the 
equated  time  to  pay  the  whole  at  once. 

RULE.* 

1.  To  the  continued  product  of  the  first  payment,  the 
time  between  the  payments,  and  the  ratio  or  interest  of  1/. 
for  a  year,  add  the  sum  of  the  payments,  and  call  the  result 
the  first  number. 


*  No  rule  in  Arithmetic  has  been  the  occasion  of  more  disputes  than 
that  of  Equation  of  Payments.  Almost  every  writer  upon  this  subject 
has  endeavoured  to  show  the  fallacy  of  the  methods  made  use  of  by  others, 
and  to  substitute  a  new  one  of  his  own.  But  the  only  true  rule,  as  it 
appears  to  me,  is  that  given  by  Malcolm  in  page  621.  of  his  Arithmetic, 
the  principles  of  which  are  derived  from  the  consideration  of  interest  and 
discount. 

I  have  therefore  rendered  the  rule,  given  above,  conformable  to  that 
of  Malcolm,  except  that  it  is  not  encumbered  with  the  time  before  any 
payment  is  due,  that  being  no  necessary  part  of  the  operation. 

Demoji.  of  the  Rule.  Suppose  a  sum  of  money  to  be  due  immediately, 
and  another  sum  at  the  expiration  of  a  certain  given  time  forward,  and 
that  it  is  proposed  to  find  a  time  to  pay  the  whole  at  once,  so  that  neither 
party  shall  sustain  loss. 

In  this  case  it  is  plain,  that  the  equated  time  must  fall  between  the 
two  payments  ;  and  that  what  is  got  by  keeping  the  first  debt  after  it 
is  due,  should  be  equal  to  what  is  lost  by  paying  the  second  debt  before 
it  is  due. 

But  the  gain  arising  from  the  keeping  of  a  sum  of  money  after  it  is 
due,  is  evidently  equal  to  the  interest  of  the  debt  for  that  time ;  and  the 
loss  which  is  sustained  by  the  paying  of  a  sum  of  money  before  it  is  due, 
is  equal  to  the  discount  of  the  debt  for  that  time. 

It  is  therefore  obvious,  that  the  debtor  must  retain  the  sum  immedi- 
ately due,  or  the  first  payment,  till  its  interest  shall  be  equal  to  the  dis- 
count of  the  second  sum  for  the  time  it  is  paid  before  it  is  due ;  because, 
in  that  case,  the  gain  and  loss  will  be  equal,  and  consequently  neither 
party  can  be  the  loser. 

Hence,  to  find  such  a  time,  let  a  =  lst  payment,  b=  second,  and  t  = 
time  between  the  payments;  r  =  ratio  or  interest  of  11.  for  1  year,  and 
a;  =  equated  time  after  the  first  payment. 

Then  ara;  =  interest  of  a  for  x  time;  and  (ltr  —  br.v}-^(l+tr—rx^  = 
discount  of  b  for  the  time  t—.T.  But  arx  =  (btr  —  brx)-v-(^\  +t7—rx)  by 
the  question  ;  from  which  equation 

x  =  —  (a  +  b  +  art)±  ,U«  +  b  +  art) '- —  4abrt] , 

2ar^  ^     aar-/*-  •* 
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2.  From  the  scjiiare  of  this  number,  take  four  times  the 
continueii  product  of  the  two  payment"*,  the  ratio  ami  time, 
and  extract  thir  s(iuare  root  of  the  ditFerenee,  which  result 
call  the  second  number. 

S.  Subtract  the  second  numl)er  from  th<'  first;  and  the  ilif- 
ference,  divided  by  twice  the  product  (»f  tlie  ratio  and  first 
payment,  will  give  the  equated  time,  after  the  first  payment 
is  due. 


Or  if,  fi)r  the  vike  of  greater  simplicity,  there  be  put  H  =  (a  +  b)  x  — 

ar, 

andtn=bt*      ,  the  l.ast-mcntioneil  eijualion  will  lH.'come 
ar 

And  since  \(t+n),  or  its  equal  i ■/{(*  + n)'^},  is  evidently  greater 
than  Jn^[(<  + h)2  — -Im},  it  is  plain  that  x  will  have  two  affirmative 
values  the  i|uantitics  \(t  +  n) -r  l^  [(t  +  n)-  —  '\m^,  and  \(t  +  n)-\^/ 
{(*  + n)-— Im},  being  both  positive. 

But  it  can  be  easily  shown  that  only  one  of  these  values  will  agree 
with  the  conditions  of  the  question  :   the  true  answer,  in  all  cases  being 
x  =  J(t  +  n)-lv/{(<+ii)— -Im}. 

For  supp<Tsc  the  contrary,  .ind  let  x  =  .J(f  +  n)  +  ^  v'lC^  +  n)'- —  4m}. 
Then  r-x  =  r-J(/  +  n)-i  %''{(/ -r«)--4w};  or,  since/ -J(/ +  ji)  =  ^(t-n) 
=»iy{(t-i«)*}=i%^{(<-r»«)--4/n}.  we  shall  have  t-i  =  [y^[{t+ n^- 
Atn]  -ls^{{t  +  n)*-4m}. 

4  4 

Hut  since  4/i»-^(a/  +  i>/)  X  -  ,  and    im  =  bt  x      ,  it   is  evident    that    I  ^ 
ar  ar 

i(<+ii)*  — 4m)  must  be  greater  than  {%''[(<  + n)- —  ■)/«}  ;  wlicnce  i  \^ 
,(<+ n)*  — 4/n} -.J\/{(< -t- fi)«  — 4m},  or  its  equal  t-r,  will  be  a  nega- 
tiTc  quantity  ;  and,  conserpiently,  x  will  Ih?  greater  than  I ;  that  is  the 
equated  time  will  fall  beyond  the  second  payment,  which  is  al>snrd. 

From  ttiis  demonstration,  therefore,  it  appears  that  the  double  sign, 
made  use  of  by  Mai.coi.m.  and  every  author  since,  who  h.xs  g^ven  his 
method,  cannot  obtain,  there  iK-ing  no  ambiguity  in  the  pri>l)Iem. 

'Hie  equated  time  fi>r  any  niimln'r  of  payments  may  also  Ik-  reailily 
found  when  the  question  is  proposed  in  numlK'rs;  but  it  would  not  Ik- 
easy  to  give  algebraic  theorems  for  thi-se  cases,  on  account  of  the  variation 
i>f  the  debts  ami  times,  and  the  ililficulty  of  finding  between  whicUvf  the 
payments  the  equaled  time  would  fall. 

Also,  supposing  r  to  be  the  amount  of  1/.  for    1    year,  and  the  other 

letters  as  iK-fore,  tlicn  (  +   J?li? — /T-^:. '  will  l>e  a  gencml  thi^ 

log.  r 

orcm  for  the  equated  time  of  any  two  payments  reckoning  compound 
interest ;  which  is  found  in  the  same  manner  as  the  former. 
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EXAMPLES. 

(1.)  Supposing  100/.  to  be  payable  1  year  hence,  and  105/. 
3  years  hence ;  M'hat  is  the  equated  time  to  pay  the  whole, 
allowing  simple  interest  at  5  per  cent,  per  annum? 

100  \  St  payment.  215  105 

9    time  between  ,  215  1 00 

-^    the  payments* 


200                        •                1075  10500 

.05  rate                                 215  .05 

430  

10.00                                 525.00 

205  =  1 00  + 1 05  «JJf     46225  sy.  1  st  No.  2 

4200  

215  the  1st  Number.         1050.00 

42025(205,  the  2d  No.  4 

4  

4200.00 


405)2025 
2025 


Then     215-205   _      10     _1^^,    year,  the  equated 
2x.05xl00     .1x100     10  ^ 

time  from  the  first  payment ;  and  consequently  two  years  is 
the  whole  equated  time. 

(2.)  Suppose  400/.  is  to  be  paid  at  the  end  of  2  years, 
and  2100/.  at  the  end  of  8  years :  what  is  the  equated  time 
for  one  payment,  reckoning  5  per  cent,  simple  interest? 

Ans.  7  years. 

(3.)  Suppose  300/.  is  to  be  paid  at  the  end  of  one  year, 
and  300/.  more  at  the  end  of  U  year  ;  it  is  required  to  find 
the  time  to  pay  the  whole  in  one  payment,  allowing  5  per 
cent,  simple  interest.  Ans.  1.248437  years. 

(4.)  A  hundred  pounds  is  to  be  paid  at  the  end  of  2^ 
years,  and  another  100/.  at  the  end  of  ^  years:  required  the 
equated  time  to  pay  the  whole,  allowing  4J7  per  cent,  simple 
interest.  ^^**'  2.9938  years. 
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€ompoimti  r-ntfrrot  hv  Drrimalo". 


riiiil  the  aniouiit  of  1/.  for  a  year  at  a  given  rate  per  cent., 
and  involve  it  to  such  a  power  as  is  denoted  by  the  number 
of  years. 


•  Drmnn.  Let  r  =  omount  of  1/.  for  I  year,  and  />  =  principal  or 
given  Sinn  ;  then,  since  r  is  the  amount  of  I/,  for  1  year,  r^  will  be  its 
amount  for  two  years  '••  for  three  years,  and  so  on  ;  for  wlien  the  rate 
and  time  are  tlie  same,  all  principal  sums  are  necessarily  as  their  amounts  ; 
and  conM-Mjuently  as  r  is  the  princijial  for  the  second  jear,  it  will  boas 
1  '.  r  ::  r  :  r-'  =  amount  for  the  second  year,  or  ])rincipal  for  the  third  ;  and 
a^iin,  as  1  :  r  ;'.  r^  '.  r'  =  ainount  for  the  third  year,  or  principal  for  the 
fourth,  anil  sn  to  any  number  of  years. 

Hence,  if  the  number  of  years  be  denoted  by  t,  the  amount  of  1/.  for 
t  years  will  be  »' :  from  which  it  is  plain,  that  the  amount  of  any  other 
principal  sum  />  for  t  years  is  pr*,  and  the  interest  for  that  time,  pH  —p ; 
which  is  the  same  as  by  the  rule. 

.And  if  the  rate  of  interest  be  for  any  other  time  than  a  year,  as  J,  \,  &c. 
the  rule  is  the  same,  making  /  represent  that  time. 

Let  r=3 amount  of  1/.  for  I  year,  at  tlic  given  rate  per  cent.  ;  p=  prin- 
cipal or  >um  put  out  to  interest;  i=  interest,  /  =  time,  and  a  =  amount  for 
the  time  t. 

'ITien  the  following  theorems  will  exliibit  the  solutions  of  all  the  cases 
in  compound  interest  — 
'     1  "pr"  =  Ihe  amount.         3.  i  =.p{^r*—  1  )  =  the  interest. 

/>==**•=  the  prineipol,         4.  r  =  v'^  _  f  -  ^l  ~  'Ae  amount  for  the  time. 

Hut  the  most  convenient  way  of  giving  those  theorem*  for  the  time,  .".s 
well  as  for  all  the  rest,  isl)y  logarithms,  as  follows  : 

1 .  log.  a  =  f  •  log.  r  +  log.  p.  3.  <  —     -' — "^ — ^'  ^  . 

log.  r 

'2.  log.  yi  =  log  a  —  /  •  log.  r.  4.  log.  r=     r     ~  "V-/^ 

Ami  if  r  be  made  to  represent  the  amount  of  1/.  for  1  time  of  payment, 
and  /  the  niimlH-r  of  times,  the  alnive  theorems  will  be  cipially  true  for  \, 
\.,  or  any  otlier  part  or  multiple  of  a  year. 

It  may  here  also  be  remarked,  that  from  tlieorom  I,  given  nlnive,  and 
theorcfVi  '_'.  in  simple  interest,  it  can  l>c  readdy  found  that  any  sum  of 
money,  put  out  to  compound  interest,  at  five  pir  cent.,  will  double  itself 
in  ahi.ut  1-1 1  years;  anil  if  it  be  put  out  to  simple  interest,  at  5  per  cent., 
it  will  double  itself  in  twenty  vears. 

I  2 
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Then  multiply  this  power  by  the  principal  or  given  sum, 
and  the  product  will  be  the  amount  required. 

And  if  the  principal  be  subtracted  from  the  amount,  the 
remainder  will  be  the  interest. 

When  P,  R,  T,  are  given,  to  find  I. 
RULE.    pr'—p=i. 

EXAMPLES. 

(1.)  What  is  the  compound  interest  of  500/.  for  4  years, 
at  5  per  cent  per  annum  ? 

1.0o=^7'=t/ie  amount  ofll.for  1  year  at 
1.05 =r  5  per  cent. 


525 
1050 

1.1025=7-2 
1.1025=r-' 


55125 
22050 
11025 
11025 

1.21550625^?-^=4^^^o;per  0/^1.05. 
500  =p  ^principal. 


607-7531 2500=7?r';  tJiat  is,  pr^=amount. 
500 =pz=principal. 


107.753125     =pi'-p=i=10'7L  15s.0^d.,  the  in- 
terest  required. 

(2.)  What  is  the  amount  of  760/.  10*.  for  4  years,  at  4  per 
cent,  per  annum?  Ans.  889/.  ISs.  6hd. 

(3.)  What  is  the  compound  interest  of  760/.  10^.  for  4 
years,  at  4  per  cent,  per  annum?  A7is.  129/.  3s.  6^f/. 

(4.)  What  is  the  amount  of  721/.  for  21  years,  at  4  per 
cent,  per  annum?  A?is.  1642/.  19*.  9+f/. 

(5.)  What  is  the  amount  of  217'.  forborne  2V  years,  at  5 
per  cent,  per  annum,  supposing  the  interest  payable  quarterly  ? 

Afis.  242/.  ISs.P.d. 


ANNUITIES. 


!^nmutif<>. 

An  Annuity  is  any  periotlical  inconip,  payable  from  tinu- 
to  time,  i-ithtT  annually,  or  at  other  intervals. 

They  are  usually  iliviiled  into  such  ;is  are  in  possession,  and 
sucli  as  are  in  n-version  ;  the  former  being  those  that  have 
already  commenced,  and  the  latter  such  as  will  not  commence 
till  some  particular  event  has  happened,  or  some  given  period 
of  time  has  elapsed. 

When  the  debtor  keeps  the  annuity  in  his  own  hands  be- 
yond the  time  of  jjayment,  it  is  said  to  be  in  arrears. 

Also  the  snm  of  all  the  annuities,  Wtv  the  time  they  have 
been  forborne,  totjether  with  the  interest  due  ui)on  each,  is 
called  the  amount. 

And  if  an  annuity  is  to  be  bought  otf,  or  paid  all  at  once, 
at  the  beginning  of  the  tirst  year,  the  price  which  ought  to 
h.>  piven  for  it  is  called  its  present  wort/i. 

PROBLEM    I. 

To  find  the  amount  of  an  annuity  at  simple  interest. 

RULE.* 

rind  the  sum  of  the  natural  series  of  numbers,  1,  2,  3,  «ic. 
to  the  number  of  years  less  one. 


Demon.  Whatever  the  time  is,  there  is  due  upon  the  6rst  year's 
aiiiuiity,  as  many  years'  interest,  as  the  whole  numl>er  of  years,  less  one ; 
and  ^radnally  one  less  upon  every  succeeding  year  to  the  liust  but  one  ; 
uj)oii  whicl>  tliiTe  is  only  one  year's  interi-st  due,  and  none  upon  the  last ; 
therefore  in  the  wliole  there  Is  due  as  many  years'  interest  of  the  annuity 
as  is  denoted  l>y  the  sum  of  the  series,  1,  '-',  :\,  4,  iStc.  continued  to  the 
nuinl>er  of  years  less  one.  Consetjuently,  one  year's  interest  multiplied 
by  this  sum  must  l>e  the  whole  interest  due  ;  to  which  if  the  prinluet  of 
the  annuity  and  time  l>c  added,  the  sum  will  evidently  bv  the  amount. 

Let  r  he  the  annual  rate  of  1/.,  n  the  annuity,  t  the  time,  and  n  the 
amount ;  then  will  the  following;  theorems  give  the  solutions  of  all  the 
ditTerent  cases  of  this  rule  : 

l.„=,"-'(2H/-l)r).       ■XrJ'(!l::^\ 

Irn  L  J  «r 


2(1 


rite  last  of  which  invuUea  the  solution  of  a  quadratic  equation 
I    3 
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Then  multiply  this  sum  by  one  year's  interest  of  the  an- 
nuity, and  the  product  will  give  the  whole  interest  due.      _ 

And  if  the  interest  be  added  to  the  product  of  the  annuity 
and  time,  it  will  give  the  amount  sought. 

EXAMPLES. 

1.  What  is  the  amount  of  an  annuity  of  50/.  for  7  years, 
allowing  simple  interest  at  5  per  cent.  ? 

0}-  hy  the  formula, 

1 +2  +  3  +  4  +  5  +  6  =  21=3  X  7.  a='-{'2  +  {l-\)r]. 

Ms.  £ 

2  10=1  ■ri'o/V  50-11  "i-t 

3x7=21  Izzt  1 


10                       2)350r:n^  6=^-1 

7  .05  =  r 


1  _  _     nt 


52  10=:-;^;:^'=  ''^-2~  .30=(^-l)r 

350     0=50/.  X  7  2.3=:2  +  (^-l)r     _2- 


402/.  10=?,7J;/.. 


2.3  =  2  +  (^-l)/- 


350 


^£'402.5  =  —  { 2  +  (<-  1  )/•)  amountas  before. 


2.  If  a  pension  of  600/.  per  ann.  be  forborne  5  years,  what 
will  it  amount  to,  allowing  4  per  cent,  simple  interest? 

Ans.  3240/. 

3.  What  will  an  annuity  of  250/.  amount  to  in  7  years,  to 
be  paid  by  half-yeai*ly  payments,  at  6  per  cent,  per  annum, 
simple  interest?  Ans.  2091/.  5s. 

4.  What  will  an  annuity  of  100/.  per  annum,  payable  quar- 
terly for  7  years,  amount  to  at  44^  per  cent,  per  annum,  simple 
interest?  "  ^««.  806/.  6s.  3c/. 


Tliese  theorems  are  equally  true  when  the  annuity  is  payable  half- 
yearly,  quarterly,  &c.,  provided  t  be  made  to  represent  the  number  of 
lialf-yearly,  quarterly,  &c.  payments,  and  r  be  the  interest  of  \h  for  the 
time  when  the  first  half-yearly,  quarterly,  &e.  payment  becomes  due. 
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PRODLKM    II. 

To  find  the  present  worth  of  an  annuity  at  i>iinplc  intcri>»t. 

KULE.* 

Find  the  pr»-<ii'nt  worth  of  i-acli  year  by  itsi-lf,  di^icountinf; 
from  the  time  it  (uIIh  due,  and  tin-  Mini  td*  all  tht>L-  uiil  Ix* 
the  present  worth  retpiired. 

F.XAMPLE.S. 

1.  What  is  the  present  worth  of  an  annuity  of  KXJ/.  to 
continue  5  years,  at  6  per  cent,  per  ann.  siniph'  interest  : 

10(>    :     10()    ::     lOO    ;     9i.SS9(i- pn.  trortA  \st  t/car. 

112   :    i(X)  ::    loo   :   89.28.57=.    .    .    .  'J/"/^,    .. 
lis   :    100  ::    ux)   :   si-.7i57=.        .    .      ' 

121-     :      KK)     ::     KX)     ;     SCMJI.^lr:.      .      .      .    {f/i  I/'    r. 
130     :      1(H)    ::     KH)     :     7(i.!''-':K)  =  .      .      .     .   5lh]f>iir. 


jC+2.5.9391  =42.5/.  18*.  9\d.- 
present  icnrt/i  of  the  annuity  rcf/uircfl. 

2.  What  \»  the  present  wortii  of  an  annuity,  or  ;■••-;■■■■.  ,j( 
.500/.  to  continue  t  years,  at  5  per  eenL  per  le 
interest?                                                          Ant.  MhJ.  .».  ->;</. 

3.  What  is  the  present  worth  of  an  annuity  of  .50/.  to  con- 
tinue 7)  years,  at  +i  per  cent,  per  ann.  simple  inleri-st  ? 

Alts.  317/.  Oj.  \0{J. 


•  The  reason  of  this  rule  U  raanifi'st  from  the  ruilurc  i  ' 
all  the  anmiilicfi  may  be  cait%i(ieri.Hl,  st.-|idratel,v.  a.\  *u  ni '. 
in(le{>cn(!t.'iit  ilobt«,  <luc  after  1,  '2,  :\,  vScc.  years :  «<>  that  thr 
of  each  Ix-in;;  found,  their  <iuin  mu^t  bv*  the  prev-nt  worth  • 

Some  writ         '  '  '       -    ■         -•  >       • 

iieeilleM  to  i-.' 

antiuities  by  s...., ^ ,.... 

single  ioi-liiace  of  which  will  be  Kutlicietit  to  tliow  the  trutti  gf  this 
tion. 

Tliiis  tiu'  price  of  an  annuity  of  .5(V.  to  continue  i 
at  5  per  oi-nt.  will,  by  either  of  tin-  r<tlc«  thnt   h.ivv 
amount  to  .i  sum  of  whii 
It  woulJ,  therefore,  be  li 

tinue  only  K)  jears  •  ^um  »iiuii  w  um  y,iu  ,i  >  m.i.» 

ever. 

I    t- 
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PROBLEM   III. 

To  find  the  amount  of  an  annuity  at  compound  interest. 

RULE.* 

Make  1  tlie  first  term  of  a  geometrical  progression,  and 
the  amount  of  11.  for  one  year,  at  the  given  rate  per  cent., 
the  ratio. 

Then  find  the  sum  of  as  many  terms  of  the  series  as  are 
equal  to  the  number  of  years ;  and  the  result,  multiplied  by 
the  given  annuity,  will  give  the  amount  sought. 

EXAMPLES. 

1.  What  is  the  amount  of  an  annuity  of  40/-  to  continue  5 
years,  allowing  5  per  cent,  compound  interest. 

*  Demon.  It  is  plain,  that  upon  the  first  year's  annuity,  there  will  be 
due  as  many  years'  compound  interest,  as  is  denoted  by  the  given  number 
of  years  less  one,  and  gradually  one  year's  interest  less  upon  every  suc- 
ceeding year,  to  that  preceding  the  last,  which  has  but  one  year's  interest 
due,  and  the  last  none. 

Letr,  therefore,  =  amount  of  I/,  for  one  year  ;  then  the  series  of  amounts 
for  I  /.  annuity,  for  several  years  from  the  first  to  the  last,  is  1 ,  r,  r%  r^, 
fic.  to  r'-i  ;  the  sum  of  which  series,  according  to  the  rule  in  geometrical 

r'  —  1 
progression,  will  be  —     =  amount  of  1/. annuity  for  t  years. 

To  find  the  sum  of  the  series  by  geometrical  progression. 

Let  1,  r,  r2,  r^,  &c.  to  r'-^  =  a  =  the  amount. 
Multiplying  by  r;  r,  r%  rS,  H,  &c. .  .  r*      =ar 

Subtracting  eq.  1  from  eq.  2 r'^—  I  =ar  —  a 

Or  (r-l)a  =  r'-l 

Whence  the  amount  a  = . 

r-1 

And  as  all  annuities  are  proportional  to  their  amounts,  we  shall  have 

1   .■  (r'— l)-f(r-l)::jj  :  (r'  — ]  )  X  =  amount  of  any  given  annuity  «, 

as  was  to  be  proved. 

Hence  a="<?Jrl),  and  n  =  ^(^^) 
r-1  r'—l 

From  which  equations  all  the  cases  relating  to  annuities,  or  pensions 
in  arrears,  may  be  conveniently  exhibited  in  logarithmic  terms,  thus : 

1.  Log.  a  =  Log.  K+Log.  (r'-l)-Log.  ('•-1). 

2.  Log.  7i  =  Log.  a  +  Log.  (r— l)-Log.  (r'-l). 

Log,  (w  +  ar  — a)— Log.  7t 

~  ^^¥^^ 

Tlie  exjircssion  for  tlic  ratio  cannot  be  given  in  logarithmic  terms,  but 
may  easily  be  obtained  from  any  of  the  rest. 
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1  +  1.05  f  1.0-J-+  1.05^  +  1.05* zz5.52'>G'M'25. 


s£5.5256S\25 
W 

€221.()*252oO 
20 


0.5050(X) 
12 

6.0(30000 


Or  by  the j'urmulttf 

"  =  -rrT^  r=1.0J 

/=5 

1.05^=1. 27(32815=*' 

L 

.276281 5 =r^- I 
\Q-n 

r-  1  =05)1 1.05r2(3(X)=M(r'-  1 ) 

^221. 0252 ="^||'~j^^=«. 
Ans.  /£221  Os.  6d. 


'2.  If  501.  yearly  rent,  or  annuity,  be  forborne  7  years, 
wiiat  will  it  amount  to  at  i  per  cent,  per  ann.  compound 
interest?  A/is.  SDt/.  \Ss.  3V/. 

.').  If  an  annuity  of  1(X)/.  be  ftirbornc  23  years,  what  will 
it  amount  to,  reckoning  5  per  cenL  compound  intere>t  ? 

Ans.  iU3/.  {\s.  Id. 

\.  If  an  annuity  of  1212/.  per  annum  be  forborne  7(3  years, 
to  what  sum  will  it  amount,  at  the  rate  of  t  per  cent,  per 
ann.  compound  interest?  Atis.  5666DSI.  \6s. 

PROBLEM    IV. 

To  find  the  present  worth  of  an  annuity  at  compound 
interest. 

ntLE.* 

Divide  the  annuity  by  the  amount  of  1/.  for  a  year,  and 
the  quotient  will  be  the  present  worth  of  one  year's  annuity. 

*  The  reason  of  thU  rule  is  evident  from  the  nature  of  the  question, 
and  wtiat  was  said  ii|K>n  the  uinc  subject  in  the  purchasing  of  annuities 
hy  simple  interest. 

And  ifp  \h;  put  ==  present  worth  of  the  annuity,  and  the  other  letters  as 
before,  we  shall  h.ivc 


— -»  or 


■(-i) 


I*^  I     •».•  J',  mil,  then  p--- ;«ndii««C:*  ■-'^ 
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Find,  in  like  manner,  the  present  worth  for  the  2d,  3d, 
4th,  &c.  year  by  dividing  the  annuity  by  the  square,  cube, 
4th  power,  &c.  of  the  amount  of  1/.  for  a  year,  and  the  sum 
of  all  these  will  be  the  value  of  the  annuity  sought. 


EXAMPLES. 

1.  What  is  the  present  worth  of  an  annuity  of  40/.  per 
ann.  to  continue  5  years,  discounting  at  5  per  cent,  per 
annum,  compound  interest  ? 

^^zzS8.095— present  tcorthfor  1  year. 
1.05 

^■0  — -3Q9Sli::  ....     1  years. 

1.05- 

^^  1=34.553= 2,  years. 

1.05^ 

-i2_= 32.908= ^  years. 

1.05^ 

^^=31.341= oTjears. 

\.09    

£173.178  =  173/.  35.  6Ul—idtole  present  icortJi 
of  the  annuity  required. 


From  which  theorems  all  the  cases,  where  the  purchase  of  annuities  is 
concerned,  may  be  exhil)ited  in  logarithmic  terms,  as  follows  — 

1.  Log.  7J  =  Log.  71+ Log.  n ^^j  -Log.  (r-1). 

2.   Log    «=Log.  p  +  Log.  (r-1)— Log.  (l-^j- 

g    ^_Log.  «-Log.  {n  +  p-pr) 
Log.  r 

Where  the  same  observation  may  be  applied  to  the  logarithm  of  the 
ratio  as  in  the  last  page. 

If  i  be  made  to  express  the  number  of  half-years,  quarters,  &c.,  n  the 
half-yearly,  (juarterly,  &c.  payment,  and  r  the  sum  of  one  pound  and  \, 
y^,  or  other  g  vcn  part,  of  a  year's  interest,  then  all  the  preceding  rules  are 
applicable  tO'  half-yearly,  quarterly,  &c.  payments, -the  same  as  to  whole 
years. 
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Or  by  iheJnriniiUty 


_  n{i'-\  )  1 .05^  =:  1 .2Tr>28 1  =  r' 

''     r'(r-l)  1. 


.276281 -r'-l 
Here  «=+0        r'r:1.276-28I  40=/i 

.0638li05)l  1.051210(  173.178  = -^r---j-^' 
t=5  years.  iitiSlW5        j,,,,,„,  X^th  L 


4669.S:J.-)() 
1-H}<jy835 

2028.51.50 
19144215 

1 1 40<»:?.50 
6:J81K).5 

5027;H.5() 
l-k}Gi>835 


Itrforv. 


5^096150 
510512+0 

!«jn-yi() 


2.  What  is  the  present  worth  of  an  annuity  of  21/.  10s.  bUL 
to  continue  7  years,  at  6  per  cent,  jht  annum,  conipowiitl 
interest?  Ans.  120/.  i.v.  Uul. 

S.  What  is  70/.  per  annum,  to  continue  59  years,  wurtii, 
in  ready  monev,  at  t!»e  rate  of  5  per  cent,  per  annum  ? 

Alts.  wvni.  i\s.  (>'..'. 

4.  If  a  lease  of  55 J  years  be  purchased  for  KKV.,  what  r«  nt 
ought  to  1)0  rcceivj-tl  in  oriler  that  the  purchaser  may  make 
5:1  ptr  cnit.  per  annum  for  his  money?  Aiu.  51.  16*. 

PROBLEM   V. 

To  find  tlie  present  worth  of  a  freehold  i  state,  or  an  an- 
nuity to  continue  for  ever,  usually  calh^tl  a  |H*r]K>tuity,  at 
compound  interest. 

I  6 


jgQ  OF    THE    PURCHASING 

RULE.* 

As  the  rate  per  cent,  is  to  100/.  so  is  the  yearly  rent  to 
the  value  required. 

EXAMPLES. 

1.  A  freehold  estate  brings  in  yearly  79/.  4s. :  what  would 
it  sell  for,  allowing  the  purchaser  4-^  per  cent,  compound  in- 
terest for  his  money  ? 


-  The  reason  of  this  rule  is  obvious ;  for  since  a  year's  interest  of  the 
price  which  is  given  for  the  annuity,  is  the  annuity  itself,  there  can 
neither  more  nor  less  be  made  of  that  price  than  of  the  annuity,  whether 
it  be  employed  at  simple  or  compound  interest. 

Tliesame  thing  may  also  be  shown  thus:    The  present  worth  of  an 

annuity  to  continue  for  ever  is  -  +  ^+  "  +  "  &c.    ad    infinitum,    as    has 
been  shown  before;  but  the  sum  of  this  series,  by  the  rule  given  in  geo- 
metrical progression,  is  ^  ;    therefore  r-  1  :  1  : :  n  :  ^,  which  when 
the  rate  per  cent,  is  substituted  for  r,  is  equivalent  to  the  rule. 
The  following  theorems  show  all  the  varieties  of  this  rule  : 

1    p  =  _^.  2.  n  =  {r-l)xp.  3.  r  =  -+l. 

'       r-1  P 

Note.  Tiie  price  of  a  freehold  estate  or  annuity  to  continue  for  ever, 
reckoning  simple  interest,  would  be  expressed  by   ^ +  - — —  +  ■  + 

^  Sec.  ad  infinilum  ;  but  the  sum  of  this  series  is  infinite,  or  greater 
]  -i-4r 

than   any  assignable  number,  which  sufficiently  shows   the  absurdity  of 
using  simple  interest  in  these  cases. 

It  may  here  also  be  observed,  that  freehold  estates  are  generally  valued 
at  so  many  years'  purchase  ;  that  is,  at  so  many  years'  rent.  Thus,  if 
SO  vears'  purchase  be  given  for  an  estate,  it  is  equivalent  to  the  making 
a  little  more  than  3^  per  cent,  of  the  money  laid  out ;  if  25  years'  pur- 
chase be  given,  it  is  4  per  cent. ;  and  if  20  years'  purchase,  5  per  cent. 

For  example,  a  freehold  estate  which  brings  in  to  its  owner  100/.  a 
year  is  worth  2500/.,  being  25  x  100,  or  25  years'  purchase,  reckoning  the 
compound  interest  of  money  at  4  per  cent  per  annum.  And  the  same 
estate  is  only  worth  2000/.  if  money  be  reckoned  at  5  per  cent  per  annum , 
compound  interest. 
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100  71  =  7!).'-' 

r=1.01'; 

^.5)7920.0(1700/.  Ans. 

45  I/tnce  1  mS  -  1  =  r  -  1  =.0-i.'>. 

'^  .015)79.2(1760=-^. 

45  *— 

Ans.  as  before. 

3+2 
315 


315 


270 
270 


270 
270 


(2.)  What  is  the  price  of  a  porprtual  annuity  of  M)/.,  ilis- 
countiii}:  at  5  per  runt,  c-onipuunii  intcrtst?  Ans.  MKV. 

(;?.)  Wiiat  is  a  frt'choltl  estate  of  7.i/.  a  year  worth,  allow- 
ing the  buyer  6  per  cent,  compound  interest  for  his  nu)nev  ? 

Ans.  1'J.30/. 

(  k)  What  is  the  difference  between  tlie  value  of  a  leaM-hold 
••state  of  100/.  per  annum  for  60  years  to  come,  and  a  free- 
hold, or  perpetuity,  of  the  same  sum,  reckoning  compound 
interest  at  5  per  cent,  per  annum  ?  Ans.  107/.  Is.  5\fi. 

I'HOBLEM   VI. 

To  find  the  present  worth  of  an  annuity,  or  freehold  estate, 
in  reversion  at  compound  interest. 

HULE.* 

Find  tile  j)ris(  lit  worth  of  the  annuity,  as  if  it  wire  t»)  In 
tntereil  on  immediately. 


1  III  I'  .1  >m  ui'this  rule  is  sutlicii-ntly  ul>viuu%  without  a  dcmomtni- 
tioii. 

Those  » liu  uisl)  to  bv  acqiuunlv<l  with  ihv  inaiincr  of  computing  (hi- 
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Then  the  present  worth  of  the  last  present  worth,  discount- 
ing for  the  time  between  the  purchase  and  commencement  of 
the  annuitj',  will  be  the  answer  required. 

EXAiMPLES. 

(1.)  The  reversion  of  a  freehold  estate  of  79/.  45.  per 
annum,  to  commence  7  years  hence,  is  to  be  sold :  what  is  it 
worth  in  ready  money,  allowing  the  purchaser  4i  per  cent, 
for  his  money  ? 

As  4.5  :  100::  79.2 

100 
4:. 5)7 920.0(17 60l.=p resent  loorth,  if  entered  on 
45  immediately. 

342 
315 
270 
270 

Hence  (1.0 1-2/=  1.360862,  the  amount  of  \l.  for  7  years, 

at  4^  per  cent,  and  ^^^=1293.297=  1293/.   5s.    IH  = 

present  ivorth  of  17 601.  to  commence  7  years  hence^  or  the  ivJwle 
present  worth  required. 

(2.)  Suppose  an  estate  is  worth  20/.  per  annum,  and  that 
there  is  a  fine  of  100/.  for  a  lease  of  21  years:  how  much 
ought  the  rent  to  be  increased,  if  the  fine  be  dropped,  allow- 
ing 5  per  cent,  compound  interest?  Ans.  71.  16s-. 

(3.)  Wliich  is  most  advantageous,  a  term  of  15  years  in  an 
estate  of  100/.  per  annum,  or  the  reversion  of  such  an  estate 
for  ever,  after  the  expiration  of  the  said  15  years,  computing 
at  the  rate  of  5  per  cent,  per  ann.  compound  interest? 

Ans.  The  first  term  of  15  years  is  better  than  the  rever- 
sion for  ever  afterwards  by  75/.  1 8*.  7hd. 

(4.)  Suppose  I  would  add  5  years  to  a  running  lease  of  15 


value  of  annuities  upon  lives,  may  consult  the  writings  of  Demoivre, 
Simpson,  Price,  Morgan,  Musercs,  Milne,  Baily,  and  Davies  ;  all  of  whom 
have  treated  this  subject  in  a  very  skilful  and  masterly  manner. 
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years  to  coiius  tlu-  improveil  n-iit  bfiiig  186/.  It.  Gtl.  per 
unmiin  ;  what  uii^lit  I  to  ])ay  down  fur  this  favuur,  ditcuunt- 
jtig  at  1-  per  ci'iit.  per  aim,  coiiipDUtid  "uiten>st? 

A  US.  1(30/.  li«.  IN/. 


€>(  ^rithmrtiral  jJioportioii  anti 

AmTMMF.TirAL  I'uoroHTioN  is  the  r«'latii)ii  whicli  quan- 
tities, of  the  same  kind,  have  to  each  other  with  rrspect  to 
their  diHrreiiCfS. 

Hence,  three  rpiantities  are  said  to  he  in  arithnietieal  pro- 
portion, when  the  tliH'crence  of  the  first  and  second  is  cijual 
to  the  difference  of  the  second  and  tliird.  Anil  four  quan- 
tities are  in  arithmetical  proportion,  whvn  the  ditfercnec  of 
the  first  and  second  is  C(|ual  to  the  diHen-ncc  of  the  third  and 
fourth. 

Thus,  *i,  '1-,  6,  and  'A,  7,  1-,  1<),  arc  arithmetical  propor- 
tionals. 

Arithmetical  Proj;resj»ion  is  when  a  seriis  of  quaDtities  in- 
crease or  liicrease  by  the  same  common  diflcreiice. 

Thus,  1,  3,  5,1,9,  11,  <!v.e.  is  an  increasini;  scries  in  arith- 
metical progression,  of  which  the  conjmon  ditJerence  is  '2. 

And  I.S,  1.5,  12,  }),  (),  (Ivc  is  a  decreasing  series  in  arithme- 
lical  progression,  of  wliich  the  c<jmmon  diHen-ncc  is  '.I. 

Tile  most  use  ful  parts  (jf  this  doctrine,  as  far  as  it  relates 
to  common  arithmetical  purposes,  are  containiil  in  tiie 
following  theorems : 

(1.)  If  three  (|uaiitities  be  in  arithmetical  proportion,  the 
sum  of  the  two  extremes  will  be  double  the  mean  ;  OJid  if  four 
(juantitie:}  of  this  kind  be  proportional,  the  sum  of  the  two 
extremes  will  be  tijual  to  the  sum  of  the  two  means. 

Thus,  in  the  proportion,  'A,  G,  9.  we  have  3  +  9='2x6;  and 
in  the  proportion  2,  5,  7,  10,  we  have  2 -I- 10=5-1-7. 

2.  licMce,  also,  an  arithmetical  mean  between  any  two 
quantities  is  half  the  sum  of  those  (piantitles. 

Thus,  an  arithmetical  mean  between  3  and  'is  =t. 

(^3.)  In  any  continued  arithmetical  progrevsion,  the  sum  uf 
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the  two  extremes  is  equal  to  the  sum  of  any  two  terms  that 
are  equally  distant  from  them  ;  or  to  double  the  middle  term 
when  the  number  of  terms  is  odd. 

Thus,  in  the  series  2,  4,  6,  8,  10,  &c.  we  have  2  +  10=4  + 
8=2x6=12. 

To  this  we  may  also  add,  that  in  all  cases  of  arithmetical 
progression,  any  three  of  the  five  following  terms  being  given, 
the  rest  may  be  found  ;  viz.  the  Jirst  and  last  terms,  commonly 
called  the  extremes,  the  number  of  terms,  the  common  differ- 
ence, and  the  siun  of  all  the  terms.  * 


PROBLEM   I. 

The  two  extremes,  and  the  number  of  terms,  being  given, 
to  find  the  common  difierence. 


RULE.t 

Divide  the  diff"erence  of  the  extremes  by  the  number  of 
terms  less  1 ,  and  the  quotient  will  be  the  common  difference 
required. 


■*  If  a  — the  first  term,  Z  =  last  term,  B  =  number  of  terms,  rf=common 
difference,  and  s  =  sum  of  all  the  terms,  then  all  the  cases  that  can  happen 
in  arithmetical  progression  may  be  solved  by  means  of  the  following 
theorems : 

1.   l  =  a±{n-\)d.  2.  a  =  l±{n—\)d. 

3.   s=-(a  +  /);    or,   s  =  "{2a  ±  (w- 1^  }. 

4    d=  Lz3  5  2s    _^  ^a-l 

M— 1  '  a+l        ~    d 

In  which  formula,  the  upper  sign  is  to  be  used,  when  it  is  an  increasing 
series,  and  the  lower  sign  when  it  is  a  decreasing  series. 

It  may  here  also  be  further  observed,  that  each  of  these  expressions 
may  be  derived  from  the  two  values  of  5,  given  in  the  third. 

f  The  difference  of  the  first  and  last  terms  of  the  series,  when  it  is  an 
increasing  one,  evidently  shows  the  increase  of  the  first  term,  by  all  the 
subsequent  additions  that  are  made  to  it,  till  it  becomes  equal  to  the  last; 
and  as  the  number  of  those  additions  is  one  less  than  the  number  of 
terms,  and  tlie  increase,  by  every  addition,  is  equal,  it  is  plain  that  the 
total  increase,  divided  by  the  number  of  additions,  must  give  the  difier- 
ence of  each  of  them  separately  ;  and  a  similar  mode  of  reasoning  will 
hold  when  the  series  is  a  decreasing  one ;  whence  the  rule  is  manifest. 
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EXAMPLES. 

(  1.)  Tlu'  rxtrt'tnos  arc  2  and  53,  that  is  tin-  firnt  tcmi  in  '2 
iiiil  last  ttTiii  .•>3,  of  an  arithiiH-tical  pnijjri'jwion,  aii<l  thr 
iiuiiibtT  of  terms  i.s  18;  n'(iiiiit<|  the  {•niiuiiun  ilirifrcnct'. 

The  theorem  or  formula  is         53=/  18=:« 

,                                  2=a                              1 
.__/  —  «  

"-»  I7)51(3=c/='_""  17=;i-l 

51  "->  — 


Or 

,     /-«      53 -'J     51      .,  ,, 
n-1      18-1      IT 

(2.)  If  tin-  oxtroim^  he  3  ami  19,  ami  the  number  of  terms 
9  ;  wliat  is  the  common  iliflirence. 

Ans.  The  (litference  is  2. 

(3.)  A  person  having  it)  travel  from  London  to  a  certain 
place  in  12  days,  goes  only  3  miles  the  first  day,  increasing 
every  day  by  an  e(|ual  excess,  so  that  the  last  day's  journey 
may  be  5S  miles  ;  retjuired  the  number  of  miles  by  which  his 
journey  is  daily  augmented.  Ans.  Daily  increase  5  nnles. 


PHOBLEM    II. 

The  tAvo  extrenns,  and  the  common  difference  being  given, 
to  find  the  nund)er  of  tmus. 


Divide  tin-  diHerenc»'  of  the  extremes  by  the  common  dif- 
ference, and  the  (juotient  increased  by  1  «ill  be  the  number 
of  tirms  retjuircd.* 


since  the  difference  of  the  extreme*  divided  by  the  number  oTtonn* 
lt•^^  one,  givc<  tliu  ctunmon  dlflcriMicf.  according  lo  iho  la^C  problem,  it 
follows  tlint  the  Mine  diffcii-ncc  divided  by  the  common  diflercnce.  mu»t 
pivc  the  iiuniber  of  terms  lc*n  one  ;  whence  lhi%  <|u<>ticn«.  augmer.led  by 
one,  must  be  the  number  of  terms  which  is  the  «ame  a»  the  rule. 
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EXAMPLES, 

(1.)  The  extremes  are  2  and  53,  and  the  common  differ- 
ence 3  ;  what  is  the  number  of  terms  ? 

53  =  1 
The  formula  in  2=:« 

n=^+l  d=3)51=l-a 


d 


,^ I— a 

1 1 = — 


The  number  of  terms  18= -(-l=?^. 

d 

Or  n= — —  + 1  ='^-1 +1  =  18  the  sum  as  before. 

d  3  '' 

(2.)  The  two  extremes  being  10  and  70,  and  the  common 
difference  3,  what  is  the  number  of  terms?  Ans.  21. 

(3.)  If  the  first  tei'm  of  an  arithmetical  series  be  1,  the  last 
term  10^  and  the  common  difference  -^^ ;  what  will  be  tlie 
number  of  terms  ?  Ans.  91. 

PROBLEM    III. 

The  first  term  and  the  common  difference  being  given,  to 
find  the  last  or  any  other  assigned  term. 

RULE.* 

Multiply  the  number  of  terms  less  one,  by  the  common  dif- 
ference, and  add  this  product  to  the  first  term,  Avhen  the  series 
is  increasing ;  or  subtract  it  from  the  first  term,  when  it  is 
decreasing,  and  the  result  will  give  the  term  required. 


*   If  there  be  taken  any  arithmetical  series  of  the  general  form 
a  +  (a  ±  d)  +  (a  ±  2J)  +  (a  ±  3d)  +  (o  ±  4d)  +  &c.; 
where  a  denotes  the  first  term,  and  d  the  common  difference,  it  is  plain, 
that  whatever  number  n  may  be  made  to  represent,  that  the 
nth  term  =\a±{ii  —  \  )rf| ; 

which  expression,  for  both  the  cases  above-mentioned,  agrees  with  the 
rule. 
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KXAMl'LES. 

(1.)  Tlie   i\r>t  tiTiji  of  ail    inpri'a.'«iiii;  aritlinictical 
being  'i,  tin-  coiiiiuoii  tliHt-niice  'A,  aiiil  tliu  iiuiiiImt  of  l  . 
'30 ;  it  is  re(|uircd  tu  find  the  last  term. 

J  /le  formula  is  ,,      , 

l=a±(n-\)(L  _ 

87 =(«-!>/ 

T/ie  last  term  89  =a  +  («  -  1  >/=/. 

(2.)  If  the  first  torin  of  a  decreasing  arithmetical  scries  be 
30,  the  coinnion  diHerence  1 1,  and  the  number  of  terms  20, 
what  is  the  last  term  ? 

♦JO-  1  =  19    -n-  I 
1  \  =d 

19 
9i 


2Si=(/j-  1>/ 
30*  =  r/ 

T/ie  last  term  1  ]  ^«  —  (/*  —  1  )f/. 


(3.)  If  the  first  term  of  an  increasing  arithmetical  serie* 
be  V,  the  coinmon  <Iifference  \,  and  the  number  of  term-  '''. 
what  is  the  last  term  ?  Ans.  :\    . 

( i.)  It  is  re«|tiired  to  find  the  100th  tenii  of  an  incr. .. 
arithmetical  series,  of  which  the  first  term  is  1,  and  the  i 
men  difference  \\.  Ans.  \\'>  . 

(5.)  It  is  required  to  fiml  the  1.5th  term  of  a  decria>iiig 
arithmetical  st-rit^  of  which  the  first  term  is  6J,  and  the 
common  diH'ennce  \.  Ans.  1^. 

(().)  Sii|ip()siiig  a  debt  can  be  discharged  in  a  year,  that 
is  in  5'1  M«-»ks,  by  paying  1/.  the  first  week,  2/.  the  si-coiid, 
SL  the  thirtl,  anil  so  on  ;  what  will  be  the  la>l  payment  ? 

Alts.  5'2I. 
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PROBLEM  IV. 


The  two  extremes,  and  the  number  of  terras,  being  given, 
to  find  the  sum  of  all  the  terms. 


RULE. 


IMultiply  the  sum  of  the  extremes  by  half  the  number  of 
terms,  and  the  product  will  be  the  ansv.'er. 


*  Let  a=  1st  term  of  the  series,  (Z=common  difference,  w  =  niimber  of 
terms,  and  s  =  sum  of  all  the  terms.  Then,  in  any  increasing  arithmetical 
series  of  the  form  a  + {a-\-d)  +  {a +  2d)  + {a  +  3d)  &e.  to  a  +  (jj  —  1  )d,  we 
shall  have 

s  =  l{2a  +  (n-l)d}. 

And  if  the  series  be  decreasing,  or  of  the  form  a  +  (a  —  d)  +  (a  —  2d)  + 
(a  — 3d)  &c.  to  a  — (?j— I)r/,  we  shall  then  have 

s  =  ~{2a-(n-l)d}. 

The  truth  of  which  formulse  may  be  shown  thus  : 

Suppose  the  same  series  to  be  placed  under  the  given  one,  in  an  inverse 
order. 

^  Then  will  the  sum  of  every  two  corresponding  terms,  from  the  begin- 
ning, be  the  same  as  that  of  the  first  and  last. 

Whence  any  one  of  those  sums  multiplied  by  the   number  of  terms, 
must  give  the  whole  sum  of  the  two  series ;  and  cousequently  half  that 
sum  will  be  the  sum  of  the  given  series  :   thus,  in  numbers, 
Let  1 ,  2,  3,  4,  5,  G,  7,  be  the  given  series, 
and  7,  6,  5,  4,  3,  2,  1,  the  same  inverted, 
then  8  +  8  +  8  +  8  +  8+8+8=8  x7  =  56;  and  therefore 

1  +2  +  3  +  4+5  +  6  +  7='^-^  =  28: 
2 

which  will  hold  in  all  cases,  and  is  the  same  as  by  the  rule. 

Note.  The  sum  of  any  number  of  terms  (n)  of  the  series  of  natural 
numbers  1,  2,  3,  4,  5,  6,  7,  &c.  is  =  i«(M  +  1 ). 

Thus    1+2  +  3  +  4  +  5,  &c.    continued  to  100  terms  is  =  I^^^JLL?!  = 

2 
50  X  101=5050. 

Also,  the  sum  of  any  number  of  terms  (71)  of  the  series  of  odd  numbers, 
1,  3,  5,  7,  9,  ll,&c.  is  =  »i2. 

Thus  1  +3  +  5  +  7,  &c.  continued  to  50  terms,  is  =  502 ^2500. 
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Or  if,  instead  of  the  ht^t  tt-rm,  the  first  U-nn,  the  rnmniDii 
(liH'eriMice,  aitd  the  luiinIxT  of  tenns  lic  given,  the  duni  of  lh«- 
series  may  l)e  found  thus : 

Multiply  the  nuntlier  of  terni.H  loss  one  by  the  oominon 
ditferenee,  and  find  the  sum  or  ditferenr«-  of  this  product  anti 
twice  the  first  term,  accordinj;  n.s  the  series  is  increasing  or 
(lecrensing.  Then,  if  this  result  l»e  niultiplitnl  by  half  th« 
nunibir  of  terms,  it  will  give  the  sum  of  the  series. 

EXAMI'LKS. 

(1.)  The  first  term  of  an  arithnii  tiral  progression  is  2,  the 
last  tenn  5%  aiid  the  number  of  terms  KS  ;  requinnl  the  siitn 
of  the  series. 

Furmitla.  5S  —  lzziast  term. 

2  — a  —Jirst  tirm. 


'  =  ("  +  0j,. 


(a  4- 1)  55— a  -f  I— sum  of  the  extremes. 

~  '  "  *'  ig  jj  ^        ■       ^ 

— =9—     ~  half  num.  of  terms. 
2  2         "^ 


or  s=.^         '  X  « 


__n. 


Sinn  of  (he  scries  495—    (n  -^-l)~s. 

(2.)  (jiven  tlie  first  term  2.  tht-  common  diHereucc  3,  au«l 
the  number  of  terms  IS,  to  find  the  sum  of  the  series. 

Form  ula.  1 8  —  1  =  1 7  =  »  —  1  =  No.  of  terms  less  I . 

rif  ,  ^  .,  S  —  dzi common  ditf. 

5l-(n-l)d 
■if— *2ti=tirice Jirst  term. 

55=.2a  +  (n—l)fi 

—  =9=     :=  half  num.  o/ttnus. 
2 2  -^  ■' 

Sum  of  the  series  495  r: « = ^  1 2^i  +  (  «  -  1  >/J . 

(2.)  Thf  first  term  is  1,  the  last  term  21,  and  the  number 
of  terms  1 1  ;  ix'(juired  the  sum  of  the  series.  Ans.  121. 

(3.)  How  many  strokes  do  the  clocks  of  Venice,  which  g.. 
onto  21-  o'clock,  strike  in  the  compass  of  a  day  ?    Ans.  30(». 
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(4.)  The  first  term  of  an  arithmetical  series  being  1,  the 
common  difference  3,  and  the  number  of  terms  1001,  what 
is  the  sum  of  the  series?  A7is.  1502501. 

(5.)  Supposing  a  triangular  battalion  to  consist  of  20 
ranks,  the  first  rank  being  1  man,  the  second  4,  the  third  7, 
the  fourth  10,  and  so  on;  what  is  its  number?  Atis.  590  men. 

(6.)  The  first  term  of  a  decreasing  arithmetical  series  is 
10,  the  common  difference  A,  and  the  number  of  terms  21  ; 
required  the  sum  of  the  series  ?  Ans.  140. 

7.  If  100  stones  be  placed  in  a  right  line,  exactly  a  yard 
asunder,  and  the  first  a  yard  from  a  basket,  what  length  of 
ground  must  a  person  go  who  gathers  them  up  singly,  re- 
turning with  them  one  by  one  to  the  basket? 

Afis.  5  miles  and  1300  yards. 

PROBLEM   V. 

To  find  one  or  more  arithmetical  mean  proportionals,  be- 
tween any  two  given  numbers. 

RULE.* 

For  one  proportional  only,  add  the  two  terms  together, 
and  take  half  their  sum  for  the  arithmetical  mean  required. 

But  if  two  or  more  proportionals  be  required,  subtract  the 
less  extreme  from  the  greater,  and  this  difference,  divided  by 
one  more  than  the  number  of  means,  will  give  the  common 
difference  ;  which  being  added  continually  to  the  less  term, 


*  The  finding  of  any  proposed  number  of  arithmetical  means  between 
two  given  numbers,  is  the  same  as  to  interpose  all  the  several  terms  of 
the  series  between  two  given  extremes  ;  which  may  be  done  thus  : 

Let  a  =  less  extreme,  ^  =  greater,  and  w  =  number  of  means  or  terms 
that  are  to  be  interposed. 

Then,  since  ?J  +  2  =  number  of  terms  of  the  series,  if  this  be  substituted 
for  n,  in  the  formula  given  for  the  last  or  Mth  term  of  the  series  in  note, 
p.  186.,  we  shall  have 

a  ±(n-r  l)d  =  h;   whence  d=—^^^. 
n+  1 

Whence,  by  adding  this  value  of  the  common  difference  continually  to 
a,  and  all  the  following  terms,  there  will  arise 

na+b      (n—l)a  +  9b       (n  —  2)a  +  3b    .  ^    a  +  nb 

,     .^^ , ,  &c to , 

«+l  w+1  w+1  n+\ 

for  any  number  (n)  of  arithmetical  means,  or  interposed  terms,  between  a 
and  b,  as  was  required. 
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or  sul)tracted   from    the  gn-ater,   will    gi\-e   thr   nuiiibcr  of 
means  sought. 

r.WMvi.r.s. 

1.  Ilrquirt'U  tlie  ariihmrtical  mran  between  the  numbers 
G  and  I.3. 

Tin' Jhrmuln  is  Here  6= a,  and  n-=\ 

a-\-nb  15=1  x  15=n& 

;n=  — \ 

H-hl  — 

n=  6  M  ->-  1  =2)21  =o  +  nb 

«=   1  Ans.  10i=: 

1      «  +  l 

'2.  It  is  rof|uired  to  find  two  arithmetical  means  between 
the  numbers  2  and  8. 

,_6-a  I/ere  H  =  b  Then  2 

""m^  2=fl 


<; 


M  -f  1  =:2  +  1  =3)G  =A  —  a  i  o«i'  mean. 

o 

Common  difference  2^  — -  — 

"  +  *  «)  Mf  oMrr  mmn. 

3.  Ilequiretl  the  arithmetical  mean  between  the  numl^rs  4 
and  It.  Ans.  U. 

4.  It  is  required  to  find  3  arithmetical  means  between  1 
and  2.  Ans.  l\,  l\,  and  l\. 

o.  It  is   rc«iuired   to  find  5  arithmetical  means  between  2 
and  li.  Ans.  +,  e>,  8,  10,  12. 


(Hf  v?fomftnrnI  ^Jroportion  anti 
yrotjrrcioion. 

Geometricai.  Phdpoktion  i>  tlial  r«  lution  <if  t«o  <|nan- 
tities  of  the  same  kind,  wliicli  ari>es  from  considering  what 
|)art  or  parts  the  one  is  of  the  other,  or  how  often  it  w  con- 
taiiu'tl  in  it. 

Hence,  three  quantities  are  sai»l  to  be  in  geometrical  pro- 
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portion,  wlien  the  first  is   the  same  part   or  multiple  of  the 
second,  as  the  second  is  of  the  third. 

And  four  quantities  are  in  geometrical  proportion,  when 
the  first  is  the  same  part  or  multiple  of  the  second,  as  the 
third  is  of  the  fourth. 

Thus  3,  6,  12,  and  2,  8,  3,  12,  are  geometrical  propor- 
tionals. 

Direct  proportion  is  when  the  same  relation  subsists  be- 
tween the  first  of  four  quantities  and  the  second,  as  between 
tlie  third  and  fourth. 

And  inverse  or  reciprocal  proportion  is  when  the  first 
and  second  of  four  quantities  are  directly  proportional  to  the 
reciprocals  of  the  third  and  fourth. 

Thus  3,  6,  5,  10,  are  directly  proportional;  and  2,  6,  9,  3, 
are  inversely  proportional ;  because  2:6  : ".   i  .'  A- 

Geometrical  Progression  is  when  a  series  of  quantities  in- 
crease by  a  common  multiplier,  or  decrease  by  a  common 
divisor;  which  multiplier,  or  divisor,  is  called  the  ratio. 

Thus  2,  4,  8,  16,  32,  &c.,  and  1,  |,  i,  -^\,  J-j-,  &c.  are 
series  in  geometrical  progression  ;  the  ratio  of  the  first  being 
2,  and  that  of  the  second  L 

The  most  useful  parts  of  tiiis  doctrine,  as  far  as  it  relates 
to  common  arithmetical  purposes,  are  contained  in  the  follow- 
ing theorems  : 

If  three  quantities  be  in  geometrical  proportion,  the  pro- 
duct of  the  two  extremes  is  equal  to  the  square  of  the  mean  ; 
and  if  four  quantities  be  proportional,  the  product  of  the  two 
extremes  is  equal  to  that  of  the  two  means. 

Thus,  if  the  proportionals  be  2,  4,  8,  and  3,  9,  5,  15,  w-e 
shall  have  2  x  8=4-,  and  3  x  15=9  x  5. 

Hence,  also,  a  geometrical  mean  between  any  two  quan- 
tities is  equal  to  the  square  root  of  their  product. 

Thus,  a  geometrical  mean  between  4  and  9  is  v/S6,  or  6. 

In  any  continued  geometrical  series,  the  product  of  the 
two  extremes  is  equal  to  the  product  of  any  two  terms  that 
arc  equally  distant  from  them,  or  to  the  square  of  the  mean 
when  the  number  of  the  terms  is  odd. 

Thus,  if  the  series  be  2,  4,  8,  16,  32,  we  shall  have  2  x  32 
=4x  16=8-'=6k 

To  tliis  we  may  add,  that  in  all  cases  of  this  kind,  any 
three  of  the  five  following  terms,  being  given,  the  rest  may 
be  found  ;  viz.  the  Jirst  and  last  terms,  commonly  called  the 
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extremes,  the  uuniUr  of  terui»,  the  ratio,  and  the  $utn  of  all 

the  ttTiMs.* 


PROBLEM    I. 

Tho  first  trrin,   tlic  ratio,   and   tin-  muiibrr  of  t«'nii8  bt-iiig 
given,  to  limi  thi-  last,  ur  aiiv  otli.r  i.rm  a.ssigncd. 


KULE.f 

I'ind  such  a  power  of  tlie  ratio  as  is  denotid  liy  thr  numlxT 
of  terms  less  one,  anil  tlie  result  multiplied  by  tiie  first  term 
will  <;ive  the  term  ncjuired. 

EXAMPLES. 

(I.)  The  first  tenii  of  a  geometrical  series  is  2,  the  ratio 
2,  and  the  number  of  terms  13  ;  re(juired  the  last  term. 


•  If  a  «»  first  term,  /  =  last  term,  n  ^  number  of  terms,  r  =  ratio,  and  »  = 
sum  of  nil  tlic  terms;  thou  all  the  various  cases  that  can  ha|ipi>n  in 
{geometrical  projn'ession,  may  l>o  solved  by  means  of  the  following 
theorems : 

I.  /  =  ar--'.  2.  a=  . 


■(';:,') 


-  f«     •  1     ar*  —  a  rl—a 

3...«(        .)=^_-:or.-^_. 


4.r^(iV-\  5.»=1.'"'^'-'"'^" 


-0' 


log.r. 


Wliere  it  is  to  be  ol>servtd,  that  each  of  these  formul*  nuy  l>r  readily 
derived  from  the  two  value*  of  i  j^iven  in  the  third. 

Itut  as  n  only  enters  into  these  expn-ssions  as  an  e\|MMient  of  r,  its 
value  cannot  be  comnuKtiously  exhibited  in  any  other  way  thiut  by 
logarithms. 

f   In  order  to  show  tlu'  truth  of  this  problem,  let  a  m  first  term,  r  —  raii^v. 
and   n=:the  ntiml>er  of  terms:    then   it   is  evident,   from  the  n^t- 
lieomctrieal  progression,  that  the  series  will  bo  of  the  fonn  a,  ar,  <;■ 
&c.  to  nr*-^,  where  the  lost  term  is  the  same  exproaioo  as  that  «iii«.<i  i* 
required  to  be  found  by  the  rule. 

k 
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Here  by  the  \st 

2 

theorem, 

2 

l=ar'^-' 

— 

Or  1=2  X  2''-' 

'^  — 2d  power. 

C»r/=2x2''=8192 

4 

IQ  —  ^th  poioer. 

16 

96 

16 

256-Sthpo%ver. 

16 

1536 

256 

4096  - 1 2th  poiver  of  2 

2=Jirst  term. 

S192  — which  is  the  la 
as  reouire 

(2.)  Required  the  12th  term  of  a  geometrical  series,  whose 
first  term  is  3,  and  ratio  2.  Atis.  6144. 

(3.)  The  first  term  of  a  geometrical  series  is  1,  the  ratio  2, 
and  the  number  of  terms  23  ;  required  the  last  term. 

Ans.  4194304. 

(4.)  The  first  term  of  a  geometrical  series  is  H,  the  i"atio, 
or  multiplier  3,  and  the  number  of  terms  10 ;  what  is  the  last 
term  ?  Ans.  2952H. 

(5.)  The  first  term  of  a  decreasing  geometrical  series  is 
100,  the  ratio  ^,  or  divisor  2,  and  the  number  of  terms  10; 
what  is  the  last  term  ?  Ans,  -3^. 


PROBLEM    II. 

Given  the  first  term,  the  last  term,  and  the  ratio^  to  find 
the  sum  of  the  series. 
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RULE.* 

Multiply  th«'  last  tonn  hy  tlie  ratio,  and  divide  tlir  diHi>rciice 
of  this  product  and  tin*  first  trriu  l»y  the  diHrrt-ncp  brtwct-n 
1  aiui  the  ratio,  and  the  <pioti<-nt  will  ho  the  sum  retpiiretl. 

Or  the  sum  of  any  srrii.H  in  gconietrieal  pro;;rcs!»ion  may  he 
found,  by  dividing  the  ditfen-nee  l)rt«r«'U  1  and  such  a  ])owi  r 
of  the  ratio  as  is  denotid  hy  the  numlx-r  of  trrjus,  by  tlie  dif 
fereiice  between  1  and  the  ratio,  and  then  niultiplyinf*  the 
(juotient  by  the  first  term. 

EXAMPLES. 

(1.)  The  first  term  of  a  series  ill  peonietrieal  propri-ssion 
is  1,  the  la^t  term  is  '21 87,  and  tlie  ratio  3  :  what  is  the  j»um 
of  the  series  ? 

Form  ula  3.  '2 1 87 = /,  tJie  last  term. 

Ir  —  a  3  =  r,  tJie  ratio. 

'=,-1 


f)5()  1  =:/r,  prtxitict. 

1  =.(1,  thefint  term. 

r— 1=3-1  =  2)6.5<)0=/r-« 

Answer  3280 ='''""=«. 
r—\ 


•   The  demonstTntion  of  this  rule  may  be  (jircn  as  followt : 
It  is  plain,  from  the  nature  of  gcomctricfll  projjrwsion,  that  the  irric« 
Mill  l>e 

a  -i-  ar  -^  ar*  ■¥  or*,  fee to  or  b  «. 

And  if  each  »i<lc  «f  thu  equation  l»c  multiplied  bjr  r,  wo  «hall  lin»i- 

nr  +  ar^  +  tir^,  &C  ....  to  or*  »•  r*. 
Hincc,  if  Jiif  first  of  these  c(|uationi  be  sutitracted  from  thr  stcomi, 
tlierc  will  remain 

—  a  +ar',  or  ar"  —  «i  =  r» —»™»(r—  I  \. 
,\nd.  consequently,  by  transpctsitiou  and  divition,  we  Uull  have 
ar'-a        (r'-l\     «(r"-l) 
r— I  \r— 1  /         r-1 

which  is  the  sum  of  the  series  when  it  is  an  incrraMiig  oo«i 

K    2 
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Or,  if  the  last  term  be  omitted,  and  the  number  of  terms  8 
be  taken  instead  of  it,  we  shall  have 


s: 


_ar''-a_a(r''  - 1 )  Or  thus,  3^=6561  =r"  or  r^ 


r — 1  r—1 


^— lx3°-l_39gQ         r-l  =  S-l=2)6560=r"-l 

3-1  '^  J."-! 

3280=- — -!- 
r  —  1 

l=a 

T/ie  sum  of  the  series  as  before  3280==-^ ^ 

r—1 

(2.)  The  extremes  of  a  geometrical  progression  are  1  and 
65536,  and  the  ratio  4  ;  what  is  tlie  sum  of  the  series? 

A71S.  87381. 

(3.)  The  extremes  of  a  geometrical  series  are  1024'  and 
59049,  and  the  ratio  is  H  ;  what  is  the  sum  of  the  series  ? 

Ans.  175099. 

(4.)'  A  person  being  asked  to  dispose  of  a  fine  horse,  said 
he  would  sell  him  on  condition  of  having  one  farthing  for 
the  first  nail  in  his  shoes,  two  farthings  for  the  second,  a 
penny  for  the  third,  and  so  on,  doubling  the  price  of  every 
nail  to  32,  the  number  of  nails  in  his  four  shoes ;  what  would 
the  horse  be  sold  for  at  that  rate  ? 

A?is.  4473924/.  5s.  S^d. 

(5.)  One  Sessa,  an  Indian,  having  first  discovered  the 
game  of  chess,  shewed  it  to  his  prince  Shehrara,  who  was  so 
delighted  with  the  invention,  that  he  bid  him  ask  what  he 
would  as  a  reward  for  his  ingenuity  :  upon  which  Sessa  re- 
quested that  he  might  be  allowed  one  grain  of  wheat  for  the 
first  square  on  the  chess-board,  two  for  the  second^  four  for 
the  third,  and  so  on,  doubling  continually  to  64,  the  whole 

And  if  -  be  substituted  for  r,  this  last  expression  will  become 


•''%hH\^) 


Which  is  the  sum  when  the  series  is  a  decreasing  one,  agreeably  to  the 
rule. 
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nuiulxr  of  Hquares  :  now,  suppoiiiiii;  a  pint  to  contain  TfWO 
of  these  grains,  it  is  rf(|uirc'«l  to  timl  wliat  nuii|ltrr  of  ships 
each  carryiii};  l(KM)  tons  burden,  might  be  freighted  with  the 
produce,  allowing  K)  bushels  to  a  ton  ? 

Ans.  9SH'2VJ92'2  r^hips. 

PKOHLEM    III. 

To  find  one  or  more  geometrical  mean  proportionalit  be- 
tween any  two  given  numbers. 

KUI-K.  • 

1.  If  one  geometrical  mean  only  be  re(|uired  ;  multiply  the 
two  numbers  together,  and  the  square  root  of  the  product 
will  be  the  mean  sought. 

2.  When  two  means  are  required ;  divide  the  greater  of 
tlie  given  numbers  by  the  li-ss,  and  the  cube  root  of  the  quo- 
tient will  be  the  common  ratio  of  the  terms  ;  which  being 
multiplied  by  the  lea<t  of  the  given  numbers,  gives  the  first 
mean,  and  this  multiplied  by  the  ratio  gives  tlic  second 
mean. 

•  To  find  any  nuinlKT  of  geometrical  means  between  two  given  num- 
bers, is  as  ill  arithmetical  prop«irtion,  the  same  as  to  interjio^e  all  tJie 
several  terms  of  the  series  between  two  given  extremes ;  which  may  be 
dune  thus ■ 

Let  a  =  less  extrcnae.  b^*  greater,  and  Hi  number  of  means  or  tcrm« 
tiiat  are  to  l>e  interposed. 

Then,  since  h  +'2  =  nunilnrr  of  terms  of  the  series  if  this  be  cubntilutcd 
for  H,  in  the  formula  given  for  the  last  term  in  the  preceding  note,  wc  ihall 
have 

I 
""*'         :     -      (J        .  ^ 

Whence,  hy  mulliplying  u,  j;ui  il!  the  resulting  iirms,  omfimi.illv  |.v 
this  value  of  the  ratio  r,  there  will  arise 

_'  -—  ' 

(a-fc)-*'  ,  («— '6*)"*'  ,     (a— ^fr')'*'  .Ac to  (a*.)'*'. 

Tor  any  number  (»)  of  geometrical  means,  or  intrrponed  term*,  ttctwewi 

It  and  b,  as  wiu  re<|uired. 

Notr.  T'  •  .'.'I  ■>•';.  >l  •>>...>  1.  ./>/....»■  !»ny  two  un«'(]iial  nurobvru 
fi    It   is  nl«  »■•"•  *'"'';  the  diflcrcnee  be- 

tween thi;n  !).rs, 'I,  ■'.  •MM'f'»*<^'i  «»«*'•'  •<> 

equality. 
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3.  When  any  number  of  means  are  required ;  divide  the 
greater  number  by  the  less,  as  before ;  then  take  such  a  root 
of  the  quotient  as  is  denoted  by  the  number  of  means,  plus 
1,  and  it  will  be  the  common  ratio  ;  with  which  multiply  each 
term  continually  from  the  first  term,  and  it  will  give  the 
number  of  means  sought. 

EXAMPLES. 

(1.)  Required  a  geometrical  mean  between  the  numbers  3 
and  12. 

12 
3 

36(6  tJie  mean  required. 
36 


Or  v^(3  X  12)=  ^/36=6  <^e  mean  required. 

(2.)  It  is  required  to  find  two  geometrical  means  between 
3  and  24. 

Here  ^*=8. 
3 

And  ,^8  =  2  the  ratio. 

Whence  3x2  =  6  the  \st  mean. 

'•  And  6  X  2=  12  the  2d  mean. 

(3.)  Required  the  geometrical  mean  between  10  and  20. 

Ans.  14.1421356. 

(4.)  It  is  required  to  find  two  geometrical  means  between 
10  and  100.  Ans.  21.54435  and  45.415901. 

(5.)  It  is  required  to  find  three  geometrical  means  between 
6  and  1536.  Ans.  24,  96,  and  384. 

(6.)  It  is  required  to  find  four  geometrical  means  between 
3  and  96.  Ans.  6,  12,  24,  and  48. 


Position  is  a  method  of  resolving  certain  questions  that 
cannot  be  determined  by  the  common  direct  rules  of  arith- 
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inctic  ;  Ixiii^  so  called  iM'cause  it  inakcH  luc  of  AMuiiuhI 
lutiubcrs  to  Work  with,  im  if  tiu-y  wen*  thu  true  onei ;  and  by 
tliat  incaiis,  discovcni  the  numbers  »ought. 

It   is  usually  divided   intu  two  caavn,  called  Single  and 
Double  I'ositiun. 


Single  Position  is  a  method  of  resolving  »uch  questions  a* 
have  their  results  proportional  to  their  suppositions ;  being 
chiefly  of  use  in  ileterniining  sueh  number>,  or  (piaiitities,  as 
are  increiised  or  diminished  by  theinselvi's,  or  any  parts  of 
themselves,  a  certain  proposetl  number  of  tinu-s  ;  or  by  the 
multiplication  or  division  of  the  number  sought  by  any  pro- 
posed nund>er. 

RULE.* 

1.  Take  any  nund)er,  an«l  perform  the  same  operations 
with  it  as  would  be  re(piired  by  the  «|uebtion  to  be  perfornud 
by  the  true  one. 

2.  ITien  say,  As  the  result  of  this  operation  is  to  the 
number  made  use  of,  so  is  the  result  mentioned  in  the  ques- 
tion to  the  number  required. 

EXAMPLES. 

(1.)  A.'s  age  is  double  of  B.'s,  and  B.'s  is  triple  of  C.'s, 
and  the  sum  of  all  their  ages  is  1  M) :  what  is  each  person's 
age? 


•  T\\e  reoMiw  of  the  IikiIkmI  nf  riv)lvin;j  the  kind  of  quMtion*  here 
mentioned,  is  fuumUHl  u|)oa  the  |irii)ciplc  given  in  the  rule,  thai  the  re- 
sults arc  i)ro|K)rtion«l  to  the  suii]i;»*itii)n5  :  which  i^  to»»  (i»i»iou»  to  re»juin? 
any  formal  demonatratiun. 

For  Fir  •   -  •  J  ,    i.i 

H 

And  ■^  i  ■^  \<..  :  T  : :     i  "  Jkc.  :  a  ;  aivi  •  '  •>a 
n     m  n      m 

So  t!iat  w!ii-n  the  qn.viim  involvei  the  iw)ijarv  or  any  higlur  |x)wvr  "t 
the  unknown  quantity.  tni»  method  iif  n««un>|>tion  cannot  be  •iiplii'd. 
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Suppose  A.'s  age  to  be  — 60 
Then  luill  B.'s=^=30 

And  C:s=^^^\0 


100  sum. 
Then  100  :  60::  UO  :  li2^-^=84=A.'so^e. 
Consequently/,  —  —  42  =  B/s. 

A7id^=u=c:s. 

3 
Whence  84-  +  42  + 1 4-  =  1 40,  the  proof. 

(2.)  A  person,  after  spending  i  and  \  of  his  money,  had 
60/.  left ;  what  had  he  at  first  ?  Ans.  144/. 

(3.)  What  number  is  that  which  being  increased  by  i,  I, 
and  J-  of  itself,  the  sum  shall  be  125  ?  Ans".  60. 

(4.)  A  general,  after  sending  ^  of  his  men  a-foraging  in 
one  direction,  and  4  of  them  in  another,  had  700  remaining  ; 
what  number  had  he  in  command  ?  Aiis.  4200. 

(5.)  A  shepherd  being  asked  how  many  sheep  he  had  in 
his  flock,  said,  If  I  had  as  many  more,  half  as  many  more, 
and  seven  sheep  and  a  half,  I  should  have  just  1000 :  how 
many  had  he  ?  Ans.  397. 

(6.)  A  certain  sum  of  money  is  to  be  divided  between  4 
persons,  in  such  a  manner,  that  the  first  shall  have  4  of  it ;  the 
second  J  ;  the  third  V ;  and  the  fourth  the  remainder,  which 
is  80/. :  what  was  the  sum  ?  Ans.  320/. 

(7.)  It  is  required  to  divide  108  into  three  such  parts,  that 
-^-  of  the  first,  -J^  of  the  second,  and  \  of  the  third,  shall  be  all 
equal  to  each  other  ?  Ajis.  24,  36,  and  48. 

(8.)  A  person  bought  a  chaise,  horse,  and  harness,  for  60/. ; 
the  horse  came  to  twice  the  price  of  the  harness,  and  the 
chaise  to  twice  the  price  of  the  horse  and  harness :  what  did 
he  give  for  each  ? 

A71S.  13/.  65.  Sd  for  the  horse;    6/.  13^.  4^.  for  the 
harness  ;  and  40/.  for  the  chaise. 
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Double  yo^itmn. 

Double  Position  is  a  motliod  of  resolving  cortain  quis- 
tioiis  ill  the  higher  parts  of  arithmetict  by  making  two  .sup- 
positions of  false  numbers. 

It  is  chiefly  applicable  to  the  determination  of  such  nunibiT> 
as  havt"  their  parts  or  iiiultipKs  increaM'd  or  diniinishetl  liv 
some  imiiiher,  u  hich  is  no  known  part  of  the  number  »ought ; 
and  ill  tindiii;:  an  approximate  vahie  of  the  unknown  quantity, 
in  various  abstruse  ali;tl»raical  expressions,  some  of  which 
scarcely  admit  of  any  other  mode  of  solution. 

RULE.* 

Take  any  two  convenient  numbers,  and  proceed  with  them 
separately,  according  to  the  conditions  of  the  question,  Doting 
the  results  obtained  from  each. 

Then,  as  the  diftennce  of  these  ri'sults  is  to  tKc  ditTerence 
of  the  supposed  numbers  s«)  is  the  difl't-rence  iM'twem  Un-  true 
result  and  either  of  the  former,  to  the  correction  of  the 
number  belonginj;  to  the  result  used  ;  which  correcti«ui,  IxMug 
added  to  that  number,  when  it  is  too  little,  or  subtracted  from 
it,  when  it  is  to«i  great,  will  give  the  answer  requiretl. 

Note.  When  the  (piestion  is  of  such  a  kind,  that  the  answer 
to  it  can  only  be  obtained  by  approximation,  the  two  sup- 
posed numbers  should  be  each  taken  as  near  to  the  number 
sougiit  ;is  can  be  conveniently  done;  ami  after  the  operation 
has  been  performed  acconling  to  the  rule,  the  number  so  ol>- 
tained,  and  tlie  nearest  of  the  two  former,  may  be  taken  as 


*   'n>is   nivthoil,   like   that   in   single    |KMitioii,    ii    rouiuirt)    uj'  i\\   ()ic 
supiHMJiinn  iiioiuioninl  in  tht-  rule  ;  which   U,  that  !•'••  •'■»i-  ■•. ,  . ..,  \^  •^, .  .-, 
the  true  nnil  »uj)|n>">t<l  niiinlHT<i  are  prt>|>ortiui)al  |.' 
the  true  and  crrotutius  rrsiilu  :    being  a  Mtniliir  .1^ 
lia.s  usually  Ih-cii  given  l>y  mu>>»1  other  writers  on  the  subject ;   ' 
fonu  of  llio  rule  here  jiroinrtctl,  which  i<  renilere»l  »»  »imple 
wished,  will,  it  is  preMnned,  bv  found  better  ad.ipto<l  to  |it  i.  ii,  .     . 
easy  to  be  rememlK-red  than  any  other  tliat  has  yet  bi-vn  «i  ••  .■■  i. 
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new  suppositions ;  and  so  on,  till  the  answer  is  found  to  a 
sufficient  degree  of  exactness. 

EXAMPLES. 

(1.)  What  number  is  that,  which  being  multiplied  by  6, 
the  product  increased  by  18,  and  the  sum  divided  by  9,  the 
quotient  will  be  20  ? 

Let  the  two  supposed  numbers  he  \S  and  30. 

Then  18  And  30 

6  6 


108  180 

18  18 


9)126  9)198 


14  the  1st  residt.  22  the  2d  result. 

The)i22-U    :    30-18      ::      20-14. 

Or   8  :  12   ::    6  :  =9    the   correction  for  the   sup- 

8 

posed  number  18  ;  a)id  18  +  9=27  the  ajisicer. 

1 2  V  9 
Or8:12   ::   22-20  :  =3    the    correction  for    the 

8 

supposed  number  30. 

And  30  —  3  =  27  the  ansioer,  as  before. 

(2.)  It  is  required  to  find  such  a  number,  that  if  the  square 
of  it  be  added  to  the  number  itself,  the  sura  shall  be  10. 

Here  it  is  soon  found,  that  the  number  sought  lies  between 
2  and  3 ;  ivhich  let,  therefore,  be  the  supposed  numbers. 

Then  {?>x2>)-^^=l2the\st  result. 
And  (2  X  2) +  2=   6  the  2d  result. 

Whence, 

12-6  :  3-2  ::    12-10  :  \^~^  the  correction  belong-- 

6        3 
ing  to  the  1st  residt. 


DOLIILK    I-OitlTION'.  90S 

And,  ronseqitrntfi/,   3- *  =®  =  2.6666  ^c.  ybr  Me  \st  ttp. 

proximation, 

Aijaiii,  Ut  \i  and      be  the  tiro  supposed  numbt-rs. 

Then,  (3  x3)  +  3=12  Mc  1*/  result. 

Atui  I  -  X    )  4-    =      +      =      the2d  r>  suit. 
V3     3/      3      y       1)       9 

Whence    \2-^^   I    3-"    ::    10 -^^ 
9  3  9 

^,    20  .  1    . .   2  .  1     2     9         2  1  1     ,, 

9      3         9     3     9     20     3x20     3x10     30 

rerfion. 

y4/«/,  consequently,  - -\ —  =      ■^'^-  ■=.  2.7  Me  2tl  approxi- 

mation. 

Af/ai/i,  let  ~-  and '   ^  //if  ttco  supoosetl  numbers. 
10         3  ^^ 

^.         /27     27\  .  27     729  .  270     999  ,,    .  ,        ,, 
^''"''    (l0^1o)  +  10=l(K)+I00^10()''"  '*'"•^"''• 

And  (8  X  S)  +8=«U2*=««  Me  2rf  result. 
\3     3/      3      9       9       9 

j^  999     88  .27     8   ..    ...     999 

"^""^    100-9-10-3   ••    '^^-lOO- 

Or^^^  '    ^  ••   ^  •  ^  X  Lx^=  -1_=  3  Me 
900  *  30  ■'  100  ■  30  100  191   in^l«*|   1QI<» 

correctioft. 

And,  consequently,  jq+ ,tj,o=r9io~ '^""'"^  '''"  ^' "/'" 
pnuinuitinn,  or  answer  required ;  uhich  is  true  to  the  last  de- 
cimul Jiijure  inclusively. 

(3.)  What  nunibrr  is  that  which,  being  dividctl  by  7,  and 
thf  (|uotieiit  diiinnishril  by  10,  thrw  tinu-s  the  rcniaindcr  »haU 
be  21  ?  Ans.  12(». 

(i.>  What  iiuiul>er  is  that  which,  biing  multiplied  by  3, 
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the  product  increased  by  4,  and  that  sum  divided  by  8,  the 
quotient  shall  be  32  ?  ^ns.  84. 

(5.)  It  is  required  to  find  the  cube  root  of  17,  to  six  places 
of  decimals.  ^ns.  2.571282. 

(6.)  It  is  required  to  find  a  number  which  being  added 
to  its  cube  shall  make  70.  A?is.  4.040415. 

(7.)  What  number  is  that  which,  being  added  to  its  square, 
and  that  sum  again  to  its  cube,  shall  make  100  ? 

Ans.  4.264  nearly. 

(8.)  It  is  required  to  find  a  number,  that  when  multiplied 
bv  16  times  its  cube  root,  and  then  added  to  7  times  the 
square  root  of  the  sum  of  that  number  and  55,  the  result 
shall  be  110.  Ans.  2.57  nearly. 


^Sermutations  anlj  Cnmbiuatioug* 

Permutation  is  the  changing  or  varying  the  relative 
positions  of  a  given  number  of  things,  so  that  no  two  parcels 
of  them  shall  have  the  quantities  they  are  composed  of  placed 
in  the  same  order. 

Thus,  the  three  letters,  a,  b,  c,  may  be  permuted,  or  made 
to  change  their  positions  in  six  different  ways  ;  as  a  be,  ach, 
bac,  bca,  cab,  and  cba. 

Combination,  is  the  several  waj's  that  a  less  number  of 
things  can  be  taken  out  of  a  greater,  and  combined  together 
Avithout  regarding  their  order,  or  the  places  in  which  they 
may  stand. 

Thus,  the  number  of  combinations  of  four  letters,  taken  out 
of  the  five,  abode,  are  the  five  following  :  abed,  abce,  abde, 
acde,  bcde.  • 

Composition,  is  the  taking  a  given  number  of  things,  out 
of  as  many  equal  rows,  or  sets  of  difi^erent  things,  one  out  of 
each  row,  and  combining  them  together. 

PROBLEM  I. 

To  find  the  number  of  permutations,  or  changes  of  position, 
tliat  can  be  made  of  any  given  number  of  things  that  are  all 
different  from  each  other. 
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KILE.* 

Multiply  all  the  term<i  of  the  natural  wrii'S  of  nutnbeni  from 
1  up  to  the  j.'ivcii  number,  continually  together,  and  the  loAt 
product  will  be  the  answi-r. 

EXAMPLES. 

(1.)  How  many  changi^  may  be  rung  on  6  boll*. 

1 
o 


2 
3 

6 

4 

24 
.5 

120 
6 

7'J<) 


Or  Ix2x3x4x5x6=7'20<^aiiw«r. 


Tl)c  reason  of  the  rule  may  be  iihoim  thu« :    Any  on«  thing  a  i«  io- 

c.-ipahle  of  change,  and  thcrfforc  r  '      •      r'y  of  one  position,  a«  a. 

Any  two  lhin>;s  ns  "  an<l  '',    ■  'l»lo  of  two  varlationt,  or  po- 

sitions  o-^  o^,  ^  i  the   number   >.:      .     ca|>rv^M^(l   by  the  pruduct  of 

1  x  U  =  2. 

If  there  be  three  tiling  a,  b,  and  c ;  any  tvo  of  them,  leaving  out  iJm 
SJ,  will  have  I  x  '2  variations ;  anil  coracquently,  when  tlie  3d  u  taken 
in,  there  will  be  1  x  "J  «  3  — (>  T«ri«tionv 

In  the  «a:nc  mAnner,  wlicn  ili'  '.-a»ing 

out  the  fourth,  will  ba\e  1  x  *-'  >  'HC  »« 

successivi'ly  the  one  left  out,  lliuv  ^  ...  .-^   ■   .  -  .       -    .  .*..- and  to 

on  for  the  followinj;  numlH-rv 

It  may  liere  Ik-  renwrked,  a»  a  thing  useful  t..  !^.v«oll^.  i»4»i.>rv,  Ac.  Uul 
if  two  itjual  s(]uare  piece*  of  any  «ul>«tanc«  '  i  the 

four  sepamte  pieces  be  each  staincti  with   >.  ^y  be 

arranged,  or  put  together,  in  64  diflercut  « j)  -^  uj  xi  tu  (otiu  as  OMay 
kinds  of  chcijuer  work- 
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(2.)  How  many  dajs  can  five  persons  be  placed  in  a  dif- 
ferent position,  round  a  table  at  dinner?  A71S.  120  days. 

(3.)  How  many  separate  permutations,  or  changes,  may  be 

made  of  the  letters  in  the  words  Roma,  Romani,  and  Romanis? 

Ans.  In  Roma  24,  in  Romani  720,  and  in  Romanis  5040. 

(4.)  How  many  changes,  or  transpositions,  can  be  made  of 
the  words  in  the  following  verse  :  Tot  tihi  sunt  dotes,  virgo, 
quot  sidera  ccelo.  Ans.  40832  changes. 

(5.)  How  many  changes  may  be  rung  on  12  bells,  and  what 
time  would  it  require,  supposing  10  changes  to  be  rung  in  a 
minute,  and  the  year  to  consist  of  365^  days  ? 

Ans.  479001600  changes,  91  years,  26  days,  6  hours. 

PROBLEM    II. 

To  find  how  many  permutations,  or  changes  of  position, 
can  be  made  out  of  any  given  number  of  things,  of  which 
there  are  several  of  one  sort,  and  several  of  another,  &c. 

RULE.* 

1.  Take  the  series  1  x2x  3  x4,  &c.  up  to  the  number  of 
things  given,  and  find  the  product  of  all  the  terms. 


And  if  4  square  pieces  be  divided  diagonally,  so  as  to  make  8  triangles, 
7  of  which  are  stained  -with  the  primitive  colours,  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet,  and  the  8th  white,  the  number  of  different 
kinds  of  chequer- work  squares  that  may  be  formed  of  them  is  256. 

•   This  rule  is  expressed  in  algebraic  terms  thus : 

1  x2x3x4x5,  &c.  to  m  „ 

&c. 

1  X  2  X  3,  &c.  to  /»  X  1  X  2  X  3,  &c.  to  q,  &c. 

where  7?i  =  number  of  things  given,  ;?  =  number  of  things  of  the  first  sort, 
g  =  number  of  things  of  the  second  sort,  &c. ;  the  demonstration  of  which 
may  be  shown  as  follows : 

Any  two  different  quantities,  a,  h,  admit  of  two  changes ;  but  if  the 
quantities  are  the  same,  or  ah  becomes  aa,  there  will  be  only  one,  which 

may  be  expressed  by =  1 . 

1  X  2 

Any  three  quantities,  a  h  c,  all  different  from  each  other,  afford  6  vari- 
ations ;  but  if  the  quantities   be   all   alike,  or  a  b  c  becomes  a  a  a,  these 
variations  will  be  reduced  to  one,  which  may  be  expressed  by 
1x2x3 


1x2x3 


=  1. 
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'J.  Takf,  alsu,  tin-  serifs  1  x  2  x  S  X  i,  fee.  up  t«>  the  nunilM-r 
of  givL-n  things  of  the  tintt  Hort ;  and  1  x  '2  x  3  x  4.  &c.  up  to 
the  iiuiiiluT  uf  given  thing;*  of  the  secoud  sort ;  and  »uon  fur 
the  'Ml  or  ith,  if  necessary. 

li.  Divide  th»'  jinHluet  of  nil  the  tonus  of  the  first  ncrie*  by 
the  joint  produet  of  all  the  terms  of  the  remaining  on(>»,  and 
the  (|Uoti('nt  will  be  the  answer. 

KXAMTLES. 

(1.)  How  many  variations  con  be  made  of  the  letters  in 
the  word  liacchanalia't 

1  X  2  (  szniini/ier  o/V'»)  =  2 
1x2x3x4  (=niimf>rr  nf'a's)  =  2i 
Ix2x3x4x5x6x7x8x9x  10x11 
{=uumlHT  of  U  Hers  in  the  «rorr/ )  =  8f )*)  1  <>K(X) 
2x  24=4«):JWir)HO()(S316(X)  the  oHAtcer. 
1.'>1 
7« 
288 


Ami  if  two  of  Ihtf  quantitin  only  «nj  alike,  or  a  b  c  bcvoiAet  a  a  r^ 

then  the  six  variations  will  In;  reduced  to  tliev  t)iri-«-,  <i  li  c.  c  <i  u.  «nd 


t ;  which  may  be  exprcwed  by »  3. 

1  X  '2 


Again,  any  four  (juantitics.  a  b  c  d,  M  ditfcrvnt   frn:!'.  <r,  will 

admit  of  24  variations;   but   if  the  <j\uinlitk-s  be  the  vi:;.t.     i  r  d  l«c- 

coroes  a  a  a  a,  tlic  numl>cr  of  these  variations  will  be  r«duc«d  to  oar : 

...    .     1x2x3x4      , 

which  1*  —      "1. 

1  xSxSx4 

And  if  three  of  the  quantities  only  be  the  tame,  or  a  h  e  J  Iwcomr" 
€t  a  a  b,  the  numl>cr  of  variations  will  be  reducvd  to  ttie  four  following  — 

I  X  'i  X  3  K  4 

attab,aaba,  abaa,  and  b  a  a  a;  which  arc  ^    " "4. 

1x8x3 

In  like-  manner,  it  may  aUo  be  shown,  that  if  two  of  them  hf  alik*.  or 
the  four  quantities  be  a  a  6  r.  the  numtier  of  lariationa  will  be  reduoad  to 

...            .                     ii.l«Sx3.4,„ 
twelve  ;  which  may  be  expressed  by — ~ —  12. 

And  bv  reasoning  in  the  «mc  manner,  it  will  appear  that  the  number 
of  changes  which  can  be   made  of  the  quautitir*  a  b  b  t  e  €,  ia  equal   lo 

CO  :  which  nuiv  be  exprv«ca  by  — - — -  -  - — -  —-■  -  •  W,  aoo  w  on. 
'  1x8x1x9x3 
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(2.)  How  many  different  numbers  can  be  made  of  the  fol- 
lowing figures,  1220005555  ?  Ans.  12600. 

(3.)  How  manj^  varieties  will  take  place  in  the  succession 
of  the  following  musical  notes,  fa,  fa,  fa,  sol,  sol,  la,  mi,  fa  ? 

Ans.  3360. 

PROBLEM  III. 

To  find  how  many  permutations,  or  changes  of  position, 
can  be  made  out  of  any  given  number  of  things,  that  are  all 
different  from  each  other,  by  taking  a  given  number  of  them 
at  a  time. 

RULE.* 

Take  a  series  of  numbers,  beginning  at  the  number  of 
things  given,  and  decreasing  by  1,  to  as  many  terms  as  there 
are  quantities  to  be  taken  at  a  time  ;  then  the  product  of  all 
the  terms  of  this  series  will  be  the  answer  required. 


*   This  rule,  expressed  in  algebraic  terms,  is  as  follows  : 
m  X  (m—\)  X  (wi  — 2)  x  (m  — 3)  &c.  to  n  terms; 
where  m  =  number  of  things  given,   and  w  =  quantities  to  be  taken  at  a 
time  ;  the  demonstration  of  which  may  be  readily  obtained  by  means  of 
the  following  lemma : 

Lemma.  The  number  of  changes  of  m  things,  taken  n  at  a  time,  is 
equal  to  m  changes  of  ?«  — 1  things  taken  w  — 1  at  a  time. 

For,  suppose  any  five  quantities  a  b  c  d  e  tohe  given. 

Then,  leaving  out  a,  let  i-  =  number  of  all  the  changes,  or  variations,  of 
every  two,  b  c,  b  d,  &c.  that  can  be  taken  out  of  the  four  remaining  quan- 
tities b  c  d  e. 

And,  in  like  manner,  if  b,  c,  d,  e,  be  successively  lefi  out,  the  number 
of  variations  of  all  the  two's  will  still  be  =v;   as  before. 

Also,  if  a  be  now  put  before  each  of  these,  in  the  form  a  b  c,  a  b  d,  &c. 
the  number  of  changes  will  not  be  altered;  that  is,  ?j  will  still  be  = 
number  of  variations  of  every  three  out  of  the  five,  abode,  when  a  is 
first.     And  the  same  will  evidently  take  place,  when  b  c  d  e  are   put  first. 

But  these  are  all  the  variations  that  can  happen  of  three  things  out  of 
five,  when  a,  b,  c,  d,  e,  are  successively  put  first ;  and  therefore  the  sum 
of  all  these  is  the  sum  of  all  the  changes  of  three  things  out  of  five. 

But  the  sum  of  these  is  so  many  times  v  as  is  equal  to  the  number  of 
things;  that  is  5v,  or  ;nr,  =  all  the  changes  of  three  things  out  of  five. 
And  the  same  way  of  reasoning  may  be  applied  to  any  numbers  what- 
ever. 

This  being  premised,  the  demonstration  of  the  rule  is  as  follows: — Let 
any  seven  things  abcdefghe  given,  and  w  be  the  number  of  quantities 
to  be  taken;  jn  which  case  m  =  7  and  n  =  3. 


PERMUTATIONS    AND   COMBINATIONS.  909 

eXAMI'LES. 

(1.)  IIuw  muiiy  chaiigcii  can  be  rung  with  3  Ih>IU  out  of  8? 
8 
7 

56 

(> 


8.S6  ofutcer. 

Or  8x  (8- l)x(8-2)=8x7x  5=336 /<«*. 

('2.)  H(»w  many  diffi-n-nt  iiunil)i>rs  can  hv  fonniMl,  by 
taking  Hve  (lij^its  out  of  tlir  tt  n  that  coiiiposf  tlu'  common 
scale  of  Jiolation  ?  Ans.  .S()2I0. 

(3.)  How  njany  different  words  can  l>c  made  of  four  letter* 
out  of  the  twenty-six  that  coropcMC  the  alphaln-t,  admitting 
the  consonants  ?  .  l"-«.  :J.';nS(K). 

PROBLEM   IV. 

To  find  the  number  of  combination*  of  any  given  nunilier 
tjf  tilings,  all  different  from  each  other,  taking  any  given 
number  at  a  time. 

RULE.* 

Take  the  series  1,  'J,  3,  4-,  kv.  up  to  the  iuiml»«  r  l<»  Ik- 
taken  at  a  time,  and  find  the  product  of  all  its  terms. 

Then,  it  is  evident,  that  the  number  of  chanf{M  that  can  be  aunU:  Ut 
taking  one  l>y  one  out  of  five  thin)rs  will  be  5,  which  let^p. 

Then,  by  thr  Icmina,  wlu-n  n»  ■«  6  nnti  ■  -  'J,  the  number  of  ch«ngr» 
wil|j=mr~ti  X  5;  which  ict^r  •  tiocond  time. 

And,  consequently,  by  the  k-mmo,  when  Maa7  aiul  a  ~ 3,  the  number 
of  chanjje^t  will  =  wc  «=  7  x  «;  x  .'5  ;  that  ia,aie«ai»(M  —  1)  »(m-'i\,  coo. 
tinuctl  to  thrw,  or  ■  tcnn*.  And  the  Mina  may  be  shown  for  any  other 
numlK'M.  ,  , 

•   This   rule,  expressed  algebraically,  as  in  tbe  former  inslaoon»  tt 

*  X  *  —  «  1Zl»'^-^.,  &e.  to  a  term*; 
1         9  S  4 

where  m  is  the  number  of  given  quantities,  and  a  tboa*  to  be  taken  at  a 

time.  .  .        1 

Dtmon.  oftht  /Mr.  I.  Ut  the  number  of  thinjr*  »"  >*  «»'^">  ■»  •  ""»• 
be  two,  and  the  things  to  be  combined  — ■*. 
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Also,  take  a  series  of  the  same  number  of  terms,  decreasing 
by  1,  from  the  given  number,  out  of  which  the  election  is  to 
be  made,  and  find  the  product  of  all  its  terms. 

Then  divide  the  last  product  by  the  former,  and  the  quo- 
tient will  be  the  number  sought. 

EXAMPLES. 

(1.)  How  many  combinations  can  be  made  of  6  letters  out 

of  ten  ? 

IxSxSxixSx  6(=the  number  to  be  taken  at  a  time)  — 
720. 

10x9x8x7x6x5  {same  number  from  10)= 151200. 

720)151200(210  the  answer. 
1440 


720 
720 


Tlieii  when  m,  or  the  number  of  things  to  be  combined,  is  only  two,  as 
a  and  6,  it  is  evident  that  there  can  be  but  one  combination,  as  ah,  but  if 
m  be  increased  by  one,  or  the  letters  to  be  combined  be  three,  as  a,  b,  c, 
it  is  plain  that  the  number  of  combinations  will  now  be  increased  bv  2, 
since  with  each  of  the  former  letters  a  b,  the  new  letter  c  may  be  joined  ; 
thus  making  a  b,  a  c,  b  c.  In  this  case,  therefore,  it  is  evident,  that  the 
whole  number  of  combinations  will  be  truly  expressed  by  1  +2  =  3. 

Again,  if  ?n  be  increased  by  one  letter  more,  or  the  whole  number  of 
letters  be  four,  as  a,  b,  c,  d,  it  is  evident  that  the  whole  number  of  com- 
binations must  be  increased  by  3,  since  with  each  of  the  preceding  letters 
the  new  letter  d  may  be  combined.  Whence  the  combinations,  in  this  case, 
will  be  truly  expressed  by  1  +  2  +  S. 

And  in  the  same  manner  it  may  be  shown,  that  the  whole  number  of 
combinations  of  two  in  five  things,  will  be  1  +  2  +  3+4;  or  two  in  six 
things,  1  +2  +  3  +  4  +  5;  and  of2  in  7,  1  +2  +  3  +  4  +  5  +  6,  &c.;  whence, 
universally,  the  number  of  combinations  of  m  things,  taken  two  by  two, 
is  =  1  +  2  +  3  +  4  +  5  +  6,  &c.  to  (w  - 1 )  terms. 

But  the  sum  of  this  series  is=  ~  x  "'~    ;  which  agrees  with  the  rule. 

2.  Let  now  the  number  of  quantities  in  each  combination  be  supposed 
to  be  three. 

Then,  it  is  plain,  that,  when  m  =  3,  or  the  things  to  be  combined  are  a, 
I,  c,  there  can  be  only  one  combination  ;  but  if  m  be  increased  by  one,  or 
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(2.)  IIuw  iiiuiiy  coiitbitiatioiis  coii  he  made  of  'i  inuni  out 
of  till'  '2H  Ktl.rs  of  till-  alplialKt  ?  Ah*.  [VIS. 

(y.)  Hkw  many  ditfi-n-iit  way-*  can  five  cania  \h-  token  out 
of  twenty,  as  in  tlie  f^anie  of  |)ii|uel  ?  Amj.  l.j.SOk. 

({■.)  In  liow  many  Muyn  run  four  persons  \*f  taken  furikru* 
tinets,  out  of  a  eompany  consi.tling  of  u  liundnti  men  ? 

Ami,  liinillM"). 

(.).)  Ke(|uin>(l  tlie  niin)l>cr  of  combination*  that  can  \w 
made  of  1:5  things  »>nl  of  5- ;  or  'how  many  deal*  a  |»cr>M»n 
may  play  at  the  game  of  v^liist  without  holding  the  aanie 
cards  twice  ?  Ams.  <>350  13559600. 

i*ii(UU.i:m  v. 

To  find  the  comhinations  that  any  given  nunib«>r  of  tiling*, 
all  iliH'erent  from  each  other,  can  Im-  made  to  undergo,  when 
takt-u  by  two's,  three's,  ^c.  up  to  the  number  of  things  givciu 

From  such  a  power  of  2,  as  is  denoted  by  the  numlMT  of 
given  things,  subtract  the  number  of  giveu  things  plus  1, 


the  things  to  lie  combined  an>  four,  as  o.  6.  r,  d,  tlie  number  of  eombin* 
ation-s  will  be  increased  liy  :t  ;  aiiuT  thrvv  t«  the  number  of  combirMliom 
of  two  in  all  the  |)rccv«linjj  letten  rt,  fc,  c,  and  with  each  two  of  ibov  ibc 
new  letter  (/  may  Ik-  combimti  ;  whciicv  the  nuinlwr  of  mmbinatioiM,  ia 
this  ease,  is  I  +3. 

Again,  it"  m  be  increiwcd  l»y  one  more,  or  the  numlicr  of  Icttcrt  be  <up> 
posetl  to  l>c  five:  then  the  former  nunilxr  of  comlti-  ■'!•■■■"■  •""  •-•  <t>- 
crenMMi  hv  0,  tliat  is  by  all  tlie  c>)nit>iii»tion*  of  two  ii.  i 

letters   u,  />,  r,  d ;   sine*-,  as  lH.'fore,  with  each  two  of  tlii       '  ■  < 

may  Ih>  combined :  and,  therefore,  in  ihi*  cas*-,  the  nuroUrf  uf  cvtubio- 
ations  is  1  •»■  3  -t-  6. 

Wlii-nce,  uniVcrvilly,  the  numl)cr  of  cumbinatiotu  of  n  thing«.  taken 
threv  l>y  three,  Li  I  +  :1 +6 -r  10  Ac.  to  m  —  '2   term*;  the  tuin  of  which 

riei   is  -  *  )c  *  —  x  ^^,  sgrcwbly  to  the  rule. 
19  S 

And  the  same  thing  will  hold,  let  the  number  of  thing*  to  be  taken  al 

a  time  l>c  what  they  may. 

Tliereforc  the  number  of  combinatloaa  of  m  ihinffv  taken  ■  at  ■  Inar. 

=  '"  X  *""  *  X  *""'  K  " ~  ',  Ac.  to  ■  terms  a«  wa«  to  be  ahown. 

I         •_'  3  4 

*  Demon.  It  ap{ieara  by  tbc  former  rule,  that  the  comMnrtiooa  ct  m 
thingx,  taken  two  at  a  time,-  *  «  ^~  l  when  taken  three  at  a  lime* 
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and  the  remainder  will  be  the  whole  number  of  combinations 
required. 

EXAMPLES. 

(1.)  It  is  required  to  find  all  the  possible  combinations 
that  can  be  made  of  a  common  suit  of  13  cards,  taking  them 
by  two's,  three's,  &c.  at  a  time,  up  to  13. 

Here  2i='-(13  +  l)=8192-14=8178  the  ichole  mimberof 
combinations  required. 

(2.)  Required  the  number  of  combinations,  or  conjunc- 
tions, that  the  7  planets,  Mercury,  Venus,  the  Earth,  Mars, 
Jupiter,  Saturn,  and  the  Georgian  Sidus,  can  undergo,  when 
reckoned  two  by  two,  three  by  three,  &c.  up  to  7.  Ans.  120. 

(3.)  Required  all  the  possible  combinations,  taken  as  in 
the  last  question,  that  the  notes  of  the  12  registers,  or  rows 
of  pipes  in  an  organ,  are  susceptible  of,  and  by  which  the 
sound  is  made  to  change  from  a  soft  and  gentle  one  to  others 
that  are  loud  and  solemn.  Ans.  4083. 

PROBLEM  VI. 

To  find  all  the  possible  permutations  and  combinations 
that  any  number  of  things  can  be  made  to  undergo,  when 
taken  by  two's,  three's,  &c.  up  to  the  whole  number  of  things 
given. 


-'  X X ,    when    taken    four    at    a    tune,  =  -  x x x 

12  3  12  3 

111 3 

;  and  so  on  to  n  at  a  time  ;   whence  the  sum  of  all  these  corabhi- 

4 

ations  is 

m     m—\      m     m—\     ni  —  2     m     m  —  \      »i  —  2     m~Z       „ 

-z  X  +  —  X  X  +  -  X X  X  +    &c to 

1212  312  3  4 

771     TO— 1      TO  — 2     TO  — 3    o  m  —  (n  —  l) 

—  X  X  X  ,   &C X  ^^ ^. 

12  3  4  n 

■r,      .      „~  •-  1     /-I     .     n   ^m         1  ™        TO  — 1         TO        TO— 1         TO  — 2 

But  2"*  or  Its  equal  (l-i-l)"'  =  l+TO  +  —  x 1-  „  x  —    -  x  + 

12  12  3 

TO       TO— 1        TO— 2       TO— 3    ,      „  u-    u    •       ^u  ^i.      r 

—  X X X +  ccc;   which  is  the  same  as  the  former  series, 

12  3  4 

excepting  the  two  first  terms  1  +  m. 

Whence  the  number  of  combinations  which  to  things  can  be  made  to 
undergo,  when  taken  by  two's,  three's,  &c.  up  to  the  given  number,  will 
be  expressed  by  2"'~(1  +  to),  agreeably  to  the  rule. 
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RLLE.  • 

llais»'  th»'  nuiiihrr  which  U  ••«jual  to  the  pivm  iiuinlicr  of 
tilings  to  such  a  ])o\v«r  :us  is  ticiint<-«l  by  the  iiumlH-r  ilM-lf, 
ami  multiply  the  result,  less  1,  nj^ain  hy  that  nuiubfr. 

Then  this  product,  Im-iii^  divided  hy  the  •tonie  numltcr  lt>«^ 
1,  will  yive  the  whole  iiunibtT  <»f  |)orniutaliotis  and  conihin- 
alioris  reipiin-d. 


EXAMPLES. 

(1.)  It  is  required  to  find  the  whole  numlMT  of  |mtiiiuLi- 
tions  and  combinations  that  can  be  nmdo  uf  the  four  ietture  «, 
/;,  c,  fl,  when  they  are  taken  by  two's  three's  and  by  fourV. 

„       i*-l      .     256-1      ,     '-i^^^.      1020     „,^,. 

Here X 4= X  *=       -  X  ♦=  ~.  -  =  S40  the  an- 

3  3  3  3 

sicer  required. 

(-■)  He(|uire(l  the  wliolc  nunilwr  of  j>crmutation!*  ond  com- 
biiiatiuiis  that  can  !>«■  maile  of  a  suit  of  IM  canU,  taking  two 
i)V  two's,  three's  lic.  at  a  time  up  to  13. 

Ans.  328 1 1  K)9880h273. 
(.S.)   IIow    many  ])ermutationA  and  combinations   in   tht; 
form  of  words  can  be  made  of  the  2(j  letters  of  the  alphabet, 
taking  them  bv  two's,  three's,  ^c^  up  to  26? 

Alls'.  6  K>2:Wi:i63U 5  H-3(>0822SJH 23993621 1926. 


*  DtmoH.  Any  one  thinf;  a  admit*  of  only  one  podtion,  h  a. 

Any  two  iliiii^^s  ub  may  t>c  |iirniuU-d  and  combined  '£i  or  Ibur  vaj*. 

35  ((''.  'III.  Ut,  hl<. 

Any  ihnx*  tliin;^  a,  b,  t,  taken  by  two'«,  may  bv  |KTmutcd  aitd  com- 
bined :}■'  or  9  way*  :    as  ati,  ab,  ac,  6u,  ca,  64,  bf,  ch,  cr. 

And.  in  general,  »  things  taken  by  two's  may  l>c  jH-mr  ■ 
billed  ii^"  dirterent  ways      In  hke  manner.  wh»n  they  ar.-  t^l  v, 

the  whole  numln-r  i>f  |KTmntatioii»  n    '  '  r 

four's  M*  :   and  universally,  »!ien    i  'll 

he  «t".      Hence,  adding  all  thi-^c  toKifm-^.  in.   ~ ...4  .  .-^i  ■■.   ,-.......;a- 

tions  and  combinntion*  in  a   ili'tijrs  taken  liy  "i's  :l's  ^'s  Ac.  tu  as  will 
be  llie  sum  of  tUc  geometrical  »erien  n  ■<  »*♦*'»■♦.  Slc.  lo  «*.  which  U 

K  n,  agreeably  to  tbe  rule. 

«  — 1 
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PROBLEM  VII. 

To  find  the  compositions  of  any  number,  in  any  equal 
number  of  sets,  the  things  themselves  being  all  diiferent. 

RULE.* 

Multiply  the  number  of  things  in  each  set  continually  to- 
gether, and  the  product  will  be  the  answer  required. 

EXAMPLES. 

(1.)  Suppose  there  are  4  companies,  in  each  of  which  there 
are  9  men  ;  it  is  required  to  find  how  many  ways  9  men  may 
be  chosen,  one  out  of  each  company. 

9 
9 

81 
9 


729 
9 


Or  9  X  9  X  9  X  9=6561  Ansicer. 


*  Demon.  Suppose  there  are  only  two  sets  ;  then  it  is  plain,  that,  if 
every  quantity  of  one  set  be  combined  with  every  quantity  of  the  other, 
it  will  make  all  the  compositions  of  two  things  in  these  two  sets  ;  and 
the  number  of  these  compositions  is,  evidently,  the  product  of  the  number 
of  quantities  in  one  set  by  that  in  the  other. 

Again,  suppose  there  are  three  sets ;  then  the  composition  of  two,  in 
any  two  of  the  sets,  when  combined  with  every  quantity  of  the  third,  will 
make  all  the  compositions  of  three  in  the  three  sets.  That  is,  the  com- 
positions of  two,  in  any  two  of  the  sets,  being  multiplied  by  the  number 
of  quantities  in  the  remaining  set,  will  produce  the  compositions  of  three 
in  the  three  sets  ;  which  is  evidently  the  continual  product  of  ail  the  three 
numbers  in  three  sets.  And  the  same  manner  of  reasoning  will  hold,  let 
the  number  of  sets  be  what  it  may. 

The  doctrine  of  permutations,  combinations,  &c.  is  of  very  extensive 
use  in  various  branches  of  science ;  particularly  in  the  calculation  of  an- 
nuities and  chances.  The  subject  might  have  been  pursued  to  a  much 
greater  length  ;  but  what  is  here  done  will  be  found  sufficient  for  most 
of  the  purposes  to  which  things  of  this  nature  are  applicable. 
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(2.)  Suppose  th(*rr  are  four  mmpatiiiji ;  in  one  of  whirh 
there  are  (J  nwu,  in  anothiT  H,  and  in  each  of  ihe  «ilhrr  two 
9  ;  what  are  the  choices,  by  a  compo«ttioa  of  4  men,  onr  out 
of  eacli  company  ?  Ant.  ^HSH. 

(3.)  How  many  changes  arc  there  in  throwing  5  dicr  ? 

Ans.  77Tfi. 


On  Cirhnncjfei. 

Exchange  is  the  method  of  finding  what  (turn  of  the 
money  of  one  countr}*  is  equal  to  any  given  sum  of  the 
mom-y  of  another,  according  to  a  certain  given  rate.* 

T/ic  nal  tiioiu'i/  of  any  countrj-  is  certain  piec«*s  of  m«tal, 
coineil  and  made  current  by  public  authority  ;  ansoven  ii:t!«. 
shillings,  I've,  in  Kngland ;   fnines,  centime?*,  &c.  in  Frane.  . 

Imiujinnnj  monei/,  is  that  which  is  chiefly  ujmhI  in  Lei  [iiii^- 
accounis;  as  pounds  sterling  us«-d  to  b*-,  for  which  there  w.i- 
fornu-rly  no  coin  of  equivalent  value. 

The  par  of  ejclunnje  is  such  a  (pinntity  of  the  • 
one  country,  whether  real  or  imaginary,  as  is  iii' 
equal  to  a  ciTtain  (|uantify  of  the  money  of  another. 

Thus,  1(K)/.  sterling  is  worth  from  10.5/.  to  ll.j/.  Iri-ii.  i- 
the  exchange  may  happen  to  be  ;  aiid  from  130/.  to  140/.  of 
the  currency  «)f  the  West  Indies. 

The  course  nf  exch(tnge  is  such  a  variable  or  uncertain  <*mn 
of  the  money  of  one  place,  as  is  pro|M»»ed  to  be  given  for  a 
certain  or  constant  sum  of  that  of  anolher.f 

Thus  London  gives  1(K)/,  sterling,  which  is  :i  certain  price, 
to  Dublin  for  an  uncertain  numbi*r  of  |>ounds,  shillings,  and 
pence,  Irish.     Aad,  on  the  contrary,  Dublin  give*  an 


•    ExchAnep^  arc  carried  on  l)y  the  rariout  m«rrhanl«  and  bMikm  of 
Europe,  liv  iiu-ans  of  an   in^tnimcnt  in  wri"-  •    -■n-i   •  '■''    '   '».  A  — ~. 
an<l  nro  usudlly  trnn%act«-<i  on  tlio  Koynl  K' 
Exchan^'c  of   Diihlin,   the    Fichnngc  of    \ 
princi)>nl  cities  of  tlic  Continent  ami  AnHTica. 

f    The  rtiictuation   in  the  coufm?  of  cxchan;»e   it  chicHf  <- 
what  in  UMinllv  called  the  /«iAi»ir*  of  tnuU,  which  i»  the  differ,  m,  .. 
the  commercial  cx|)ort3  and  iinjHjrts  of  one  place  wjth  rr»|»«ct  to  e 
another. 
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tain  number  of  pounds,  shillings,  and  pence  ;  Irish,  for  a  cer- 
tain number  of  pounds  sterling. 

Agio  is  the  difference,  in  Amsterdam,  and  other  places, 
between  the  money  of  exchange,  or  that  issued  from  the 
bank,  which  is  usually  called  banco,  and  the  currency  ;  the 
former  being  generally  something  finer  than  the  latter. 

Usance  is  a  certain  time  allowed  by  the  merchants  of  one 
country  to  those  of  another,  for  the  payment  of  bills  of  ex- 
change. 

Thus,  usance,  when  employed  singly,  means  at  one  month 
after  date  ;  double  usance,  at  two  months  after  date,  &c.  And 
half-usance  is  15  days,  whatever  may  be  the  length  of  the 
month.  * 

Days  of  grace  are  a  certain  number  of  days  that  are  al- 
lowed for  the  payment  of  a  bill  after  it  becomes  due  ;  which 
varies  according  to  the  custom  of  different  countries,  or  to 
the  distance  of  places  from  each  other,  f 

All  the  operations  in  exchange  may  be  performed  by  the 
rule  of  three  and  by  practice. 


*  The  term  of  a  bill  varies  according  to  the  agreement  of  tlie  parties, 
or  the  custom  of  diiFerent  countries ;  some  are  drawn  at  sight,  others  at  a 
certain  number  of  days  or  weeks,  or  months,  after  date. 

When  the  terms  of  the  bill  is  expressed  in  months,  calendar  months 
are  understood.  Thus,  if  a  bill  at  one  month  be  dated  Jan.  1.,  the  term 
expires,  Feb.  ].;  and  if  the  bill  were  dated  Jan.  28,  29,  30,  or  31.,  the 
month  would  expire  on  the  last  day  of  February. 

f  In  England,  all  bills  must  be  paid  on  the  third  day  after  their  date 
is  expired ;  and  such  as  fall  due  on  a  Sunday  must  be  paid  on  Saturday. 
For  bills  at  sight  or  on  demand,  no  days  of  grace  are  allowed. 

It  may  here,  also,  be  proper  to  remark,  that  when  the  holder  of  a  bill 
disposes  of  it  to  another,  he  must  indorse  it,  by  writing  his  name  on  the 
back  of  it,  which  renders  him  a  security  for  the  payment. 

When  a  bill  is  presented  for  acceptance,  which  should  be  done  as  early 
as  possible,  it  is  generally  left  till  the  next  day  ;  in  which  case  the  com- 
mon method  is  for  the  person  on  whom  it  is  drawn  to  write  his  name  at 
the  bottom  of  it,  with  the  word  accepted;  but  any  other  writing,  by  him 
or  his  clerk,  which  does  not  imply  a  refusal,  is  deemed  a  legal  acceptance. 

If  a  bill  be  refused  acceptance,  it  must  be  put  into  the  hands  of  a  No- 
tary Public,  and  noted  for  non-acceptance  ;  if  an  accepted  bill  be  refused 
payment,  it  must  be  noted  or  protested  accordingly,  and  returned  to  the 
drawer  ;  by  which  he  or  any  of  the  indorsers  are  liable  to  pay  the  bill 
with  all  costs.  But  if  the  holder  makes  an  unnecessary  delay  in  return- 
ing it,  he  can  only  sue  the  acceptor. 
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EXGI.AM),   wrm    IIOI.I.ANI),   FI.VNDKU'i.    AM) 
(.HUM  A  NY. 

Accounts  arr  kept  in  tlu^no   placr.t  in  puiidcrs,  nlivoni,  and 
])t(>nnii)t;s  ;  ur  in  pouniU,  ^llillin^!^  ami  pcntt-,  an  in  Kn^'I  >>>•( 

The  niunoy  of   Ilollatxl  and   l-'iandi-pi  in  di)»tin);ui«li' 
the   nanu^   of   Flemish,    and    ihcy    exchange  by   liic   j"......t 

sterlitip. 


H  pfenninps 
1*2  pfenniniis 

2  f^rotes 

fi  stivers 
20  stivers 
2A  Horins 

f)  florins 


make  one< 


f»rote  or  penny  Ftrmish. 

schilling. 

stivrr. 

schillinL'. 

florin,  or  puihicr. 

rix-dollnr. 

|H)und  I'lt-mi.th. 


Excliange  from  33*.  6^.  to  3f>J.  (kl.  Firm,  per  pound  ster- 
ling. 

.Vgio  from  3  to  6  per  cent,  for  currency. 

Note.  .Any  kind  of  foreign  money  is  re<luced  to  English, 
by  saying,  As  the  given  rate  of  exchange  is  to  1/.  Hterling,  *t» 
is  any  given  sun>  foreign  to  the  sterling  sought :  and  sterling 
money  is  rtducetl  to  foreign  by  reversing  the  operation. 

Also,  banco  is  reduced  to  currency,  by  saying,  As  !()() 
added  to  the  agio  ;  10()  ::  banco  :  currency;  and  cur- 
rency is  changed  into  banco  by  the  reverse  statement. 

EXAMPLES. 

(1.)  In  iK)/.  6*.  \\d.   sterling  how  many  florins,   Ac.  ;  ex- 
change at  3+*.  'id.  Flemish  per  pound  sterling  ? 
.\t      2a«.    is    once     96/.  6*.  \\d. 
10*.  is   J    4H     3     5\ 

3*.    4//.  is  ^    16     1      IJ 
lOt/.  is    i      4     0     3} 
\d.  is  iV,     0     8     0{ 


£\l\\   \i)   10 

6jionns=£\  Firm. 


989  19     0  /l/ii.  989_/for.  I9j/. 


218 


EXCHANGES HAMBURGH. 


(2.)  In  612/.  14*.  O^d.  sterling  how  many  Dutch  rix-dol- 
lars  ;  exchange  35*.  4^f/.  Flem.  per  pound  sterling  ? 

"Ans.  2603  rix-dol.  18  st.  1  gr.  5  pfen. 

(3.)  In  3758  flor.  15  st.  current,  agio  54  per  cent.,  how 
many  pounds  sterling  ;  exchange  at  35*.  lie?.  ? 

Ans.  330/.  5s.  3d. 

(4'.)  In  456/.  8s.  sterling  how  many  rix-doUars  current ; 
agio  44,  exchange  at  S6s.  H</.  ? 

'  A?is.  2069  rix-dol.  2  flor.  10  st. 

(5.)  In  2714  guild.  15  stivers  how  many  pounds  sterling; 
exchange  at  35*.  6d.  Flemish  per  pound  sterling  ? 

Ans.  25iL  18s.  l^d. 

(6.)  In  290/.  lis.  lOd.  sterling  how  many  pounds  Flemish  ; 
exchange  at  33*.  lOd.  Flemish  per  pound  sterling,  and  agio 
at  4^  per  cent.  ?  A)is.  513/.  14*.  l^d. 

(7.)  In  805/.  15*.  Flemish  how  many  pounds  sterling,  the 
agio  being  4  per  cent,  and  exchange  34/.  6d.  Flem.  per 
pound  sterling?  A7is.  449/.  2s.  8^d. 

(8.)  The  course  of  exchange  between  London  and  Amster- 
dam being  34*.  2d.  at  2-\  usance  ;  what  ought  Amsterdam 
to  give  at  sight,  supposing  the  interest  of  money  to  be  4  per 
cent.?  Ans.  1/.  13*.  ll|c?. 


12  pence 
20  schillings 

12  phennings' 
16  schillings 

2  marks 

3  marks 


■  make 


-  make 


HAMBURGH. 

Accounts  are  kept  at  Hamburgh  in  marks  and  schillings 
and  the  exchange  is  by  the  pound  sterling,  as  in  Holland. 

6  phennings  ~j  ^a  grote,  or  penny  "j 

a  schilling  |-  Flemish, 

a  pound  J 

a  schilling 
a  mark  banco 
a  dollar  of  exch. 
a  rix-doUar 

Hence  a  schilling  banco  is=r;2  pence  Flemish, 

And  a  mark  banco  is  =  32  pence  Flemish. 

Exchange  from  335.  to  366-.  Flem.  per  pound  sterling. 

The  mark  banco  is  worth  about  ll^d.  sterling,  making 

the  par  of  exchange  about  13  marks  10^  schillings  per  ^ 

sterling. 


Hamburcrh  banco, 
and  currency. 
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Ai;it)  from  IS  to  20  \wr  cent-  for  currency,  and  from  30  to 

35  per  ci'iit.  for  light  coin.  • 

EXAMPLKS. 

(I.)  Reduce  23 t-T  marks,  lOHchilliit};*,  into  jMtundAsti-rliii^  ; 
exchange  at  34».  (id.  Flemish  per  pound  ^terli^g. 

3t*.  6<L  Flem.       \       2:U7  mar.  10*.  FUm.  1 1,  tier. 

12  1»J 


1  I  1  37.362 


V 1 4)75 1 2 i(  1 8 1  J  ?i;  =  1 8 1  /.  a#.  '2d,  Afu. 
3372 
Gin 
190 

(1.)  Exchan;»o    HX)/.    sterling    into    murki^,   at    13  mark* 
10  schillings  per  1/.  sterling. 


•    The  dilTcrcnt  money*  of  Ilatnhur^^  nrv  n*  follou 

1.   //(in*  FHoiM-y,  which  w  invribfil  in  the  bank-l»ookv. 
paymi'iit  from  one  jn-rson  t«>  another. 

•J.  Sprcif,  or  the  haril  rix-<ionar,  which  w  worth,  when  full  wrifht. 
about  \  per  cent,  more  than  Imihco. 

a.  The  (/old  duciit,  which  is  alK»ut  1  |Krr  cent,  better  or  worw  than 
Uinco,  according  to  the  price  of  bullion. 

•J.  I.iijht  coin,  consisting  chiefly  of  foreign  mooe)-*,  which  law  about  SR 
per  cent,  a^rainst  Iwiico. 

5.  Currrnctt,  which  coniii^ti  of  Tarioun  denofnimttoiu  of  ulvcT  moocjr 
coincil  at  Hamburgh.  *ince  the  year  IT"i6 

Hamburgh  money  wa*  formerly  distinguished  by  the  word  /.iJ-«,  (from 
Lubi-c,  the  place  of  it5  coinage,)  but  the  term,  though  still  retained  in 
mmt  iKMiks  of  exchange,  appear*  to  be  out  of  use  among  men  of  buUnrw, 
the  word  Hamlin/  bi-ing  usually  sulxtituted  in  iu  place. 

It  niav  here,  also,  l»e  projK-r  to  ol»%t-rvc,  that  tlie  /wr  l>etwwn  Hamburich 
banco  and  currency  i*  reckonwl  at  ".M  jwr  c»nt  agio,  i.r  la  mar kt  banco 
for  1<;  marks  currency.  .\nd  the  par  iH-tweeti  1  '■•'.i,!.  in..ncy  and  cur- 
rency is  llii.  Ileinish  for  I/,  sterling  ;  but  then  '<-nnaii«nl  |Mr 
with  banco,  on  account  of  the  agio  being  alwa»  -  If  t^<■  agio 
»H.>  'J3,  1/.  sterling  i^  equal  to  3-»».  W^.  ;  but,  I  ■  »• 
chants,  the  j«ir  is  from  a-U.  7rf.  to  Mt.  ICW.,  »ar\ .  .c« 
of  gold  and  silver,  and  the  ductualioa  of  the  agio. 
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£         £  mar.  sell. 

1    ;    100    ::     13    lo 


10x10=100 


136       4 
10 


MarTisl'im       8  sch.     Ans. 


(3.)  In  536/.  sterling  how  many  marks  ;  exchange  at  36*.  4c?. 
Flemish  per  pound  sterling  ?  A?is.  7303  marks. 

(4.)  Reduce  300/.  sterling  into  marks  and  schillings  banco; 
exchange  at  35*.  3d.  Flemish  per  pound  sterling. 

Ans.  3965  marks,  lOschil. 

(5.)  Reduce  4500  marks  current  into  pounds  sterling  ;  ex- 
change at  355.  6d.  Flemish  per  pound  sterling,  and  agio  20 
per  cent.  Ans.  281/.  135.  9^d. 

(6.)  Reduce  8234  marks,  10  shillings,  banco,  into  pounds 
sterling;  exchange  at  33*.  lOd.  Flem.  per  pound  sterling. 

A71S.  649/.  Os.  S^d. 

(7.)  Reduce  8732  marks  current  into  pounds  sterling ;  ex- 
change at  34*.  6d.  Flemish  per  pound  sterling,  agio  20  per 
cent.  Ans.  5631.  I6s.  2\d. 


FRANCE. 

Accounts  were  kept  in  France,  before  the  revolution,  in 
livres,  >:ols,  and  derniers ;  but,  at  present,  they  are  kept  in 
francs  and  centimes,  and  they  exchange  by  the  frauc.  * 


*  Francs  and  livres  were  formerly  synonymous  ;  but  by  a  coinage  some 
years  ao-o,  the  5-franc  pieces  were,  by  some  mismanagement  in  the  Mint, 
made  too  heavy,  being  worth  101^  sous  instead  of  100;  in  consequence 
of  which  the  franc  has  been  adapted  to  this  accidental  value,  and  is  so  es- 
timated in  all  accounts,  except  in  the  small  sliop  business,  which  is  fre- 
quently settled  in  livres,  as  they  still,  in  many  cases,  buy  and  sell  by  the 
old  weights  and  measures. 

The  old-coined  pieces  of  France,  were 

24-livre  pieces,  called  louis  "1  .         ,  , 

48-livre  pieces,  called  double-louis  J       ° 


EXCIIANUKli  —  rRANt'K.  'J2| 

Tlie  (lernirrs  and  livrcA  lioiiig  now  {ilM)liithi*4l,  the  vxchaiigr* 
arc  curiird  on  through  the*  niediuin  of  rranr<«  and  rmtiauii. 

10  (>fiitinu-!i  =2  sous  =lf/.  nearly  Kn^lith. 

KM)  ccntinu's  =1  franco  {KVi*/.  or  alMmt*»^r/.  r.iii:!i'.!.. 

*J.j  tV.  'J I  centimes  =\£  sterling  Kngli^h,  and  thit  :     \u- 
jjiir  of  exchange. 

EXAMPLES. 

(1.)  Hedure  rj.'>/.  1(\«.  into  rranr"*  and  rrntiniet ;  exchange 

at  \15  i'ruiu's,  ii  cintiiues,  per  pound  •sterling. 

1/.  ;  1'i.U  10*.  ::  25/r.  6«i«/#. 
'20     20        100 

20     2oI0        2506 
2506 

£       £  fr. 

1 'KHJO  Or  1  :  125-5   :*.   25.06 

12,=>500  25.06 


50'JO 


7530 


2,0)629(X)6,0  6275 

2510 

l,00)3U5,0:i 


311-5  fr.  W  cents. 


3 115.030 /r. 


Am.  31 15/r.  Scrn/s. 

(2.)  Kxchanpc    21i20  francs,    75  centimes,    into  jM.und-* 
sterling  at  2.^.35  per  ai^. 


.\nd. 
f;-»ivrc  pieces  3  r.TTT  piec«        1  .^  ^j,^^ 
'J4.M)ls  l--<K>K  and  b-w>U  pieces  J 
Till  iicw-coincil  pieces  of  money  of  Fmnci-  are 

•lO  francs  '-'''  francs  and  lO  franc*,  in  |{old. 
5fr4nc^ifr»nc.  llfranc   ],„„,,„ 
1   fr.inc.  ^  franc,  and  \  franc  J 
And  copjK'r  iiuav  half-«<>us  and  centime-*. 
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As 

fr- 

25.35 

:     21420.75  : : 

1 

£ 
1 

25.35)21420.75(845/. 
20280 

Ans 

11407 
10140 

12675 
12675 

(3.)  In  800/.  sterling  how  man^-  francs  ;  exchange  at  25.35 
per  1/.  sterling.  Afis.  20280  francs. 

(4.)  In  16914  francs,  19  cents,  how  many  pounds  sterling  ; 
exchange  at  24  francs  per  pound?  Ans.  704/.  15*.  l^d. 

(5.)  Reduce  96/.  10^.  6d.  into  francs;  exchange  at  25.55 
per  1/.  sterling.  Ans.  2466.2  francs. 

(6.)  Reduce  32576  francs,  47  centimes  into  pounds  sterling ; 
exchange  at  25.21  per  1/.  sterling.  Ans.  1292/.  45.  Id. 


SPAIN. 

Accounts  are  kept  in  Spain  in  pesos,  or  dollars,  reales,  and 
maravedis,  and  they  exchange  by  the  peso,  or  dollar  of  plate. 

2^  maravedis  =     1  cuarto  of  exchange. 

4  maravedis  =:      1  cuarto  of  hard  silver. 

34  maravedis  or  16  cuartosl        fl     real    vellon*,     or    of 

vellon,    or  8^  cuartos,  r  =  •<       exchange  =  about  2^d. 

hard  money  J        [^      English. 


■H 

/^n         1  II  no/\t        fl  hard    dollar,    or    peso 

20   reales    vellon,    or   680  |  ,  r      ^ 

]•        1,  f  =  i  duro,  or  peso  fuerte= 

maraveais  vellon  I        |  _„  ,  ,     „/,  -^^     ,.  , 

-'        [^  50a.  to  old.  English. 

larvs    vellon  "1        [^  P^^^    ^^   exchange, 
*  „         '}-  =  -»       dollar   of    plate  — fr 
;vs.  vellon.      /      |      37r/.  to  4l/ 


or 
om 


15  reales,  2  mar 
or  512  mar 

8  reales  of  plate  =     ....  ditto  .  .  .  ditto 

*   The  real  vellon  is  now  only  an  imaginary  money,  used  in  exchanges, 
and  in  the  public  accounts. 
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lOA  rcaloa  of  plate  =      1  ^tvto  furrtr,  or  hanl  dol. 

1-   pesos    or    H'2  h-uIm    of  1  ,    ,  , ,         , 

•  xcl.anp-  J=      I  «JobIon  of  exchange. 

\  =      1  ducat  of  rxcbange. 


375    iiinrvs.    vcllon,     or    I  I 
n-alcs  I  imirv.  vclluii. 


Ohs.  'Hie  prto  ftterlt  or  hant  iiiJlar  ^  t:>iO  nurri^ itli«,  «  from  JOdL  lo 
51»/.  Kng.  ;  nmi  the  ftrto  of  fxthnntit  or  dollar  of  pUtI*  wm SV2  maravcdi** 
36</.  to  :<•>/.,  (U'iKMiilinf;  on  the  rt>ur»«.<  of  rirhanirr. 

The  r«i/  ofiJ.itt  ur  fiVtvr  «••!{</.  luarly  of  f'.nt;li%li  niotu-y  ;  but  lb*  rW 
rtlloH  is  not  quilr  '.;^</. 


EXAMPLES. 


(1.)  In  DT^Jt  n-alrs  of  plate,  how  many  pound*  «trrling ; 
exchange  ut  H  j./l.  per  pe8<»  of  exehaiij;e  or  dollar  of  plate  ? 

8)976+  retiies  phte.  Or  thus, 

10=Jofajg     I'J'it)     10  /"■<"•        ''•  rtaUs, 

d.  I    :    nii  ::  976+ 

Ilcnce  +0  is   ,^    203       8       +            8_  41* 

1  is  Vo       5       1       84          s~r,7,Ax  {>764 

*i»  i        •-'  H)     101  39(»56 

J  «  A        1       5       5  85t3t 

J  is  ^        0  12      8!  8>K)SNi7j 

212/.  19<.    0;^,/.  Aus.  \: 

(2.)  In  8756  reales  vellon  how  many  reales  of  plate  ? 

Ans.  -Mjjl  reales  of  plate,  20  mar. 

(8.)  Reduce  7869 reah's vellon,  19mar.  into  pounds  ••t<-rling: 
exchange  at  41  \(I.  sterling  per  peso.  Ant.  !K)/.  7'.  S[*f. 

(4.)  In  89/.  2j.  IIUI.  sterling  how  many  reales  of  plate, 
&e. ;  exchange  at  40,\r/.  per  piece  of  eiglit,  or  peso  of  S 
reales?  --!«.«.  4265  reales  pinte.  '2'>\  mar. 


•  T!ic  monoy  of  Spitin  U  ill 
lK?inj»  to  thf  liitior  us  ;ri  lo  IT 

of  plate.      In  ciclmnge  with  1...... j  .  ...  - ;..,  _ — - 

of  jJutr,  or  />«••"  "/"  rsrJtiinor,  U  wortli  :i  ■  KngliiJi ;  tbm  the 

fttio  iluro  or  ptsofuertr,  or  hard  dollir.  i«  w 
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(5.)  In  2375  pesos,  16  reales,  17  mar.  how  many  pounds 
sterling  ;  exchange  at  34c?.  per  peso  of  exchange  ? 

Ans.  S36L  Us.  5^d. 

(6.)  In  16144-  pesos,  4  reales,  22  mar.  vellon,  how  many 
pounds  sterling;  exchange  at  34^c?.  per  peso  or  dollar  ot 
plate?  '        Afis.  1232/.  18*.  3|</. 

PORTUGAL. 

Accounts  are  kept  in  Portugal  in  reis  and  milreis,  and  the 
exchange  is  by  the  milreis. 

400  reis  1       V  J"  crusado. 

1000  reis,  or  24^  crusados  J  \  milreis. 

Exchange  from  60<^.  to  67 d.  per  milreis. 

EXAMPLES. 

(1.)  In  669  milreis  72  reis,  how  many  pounds  sterling; 
exchange  at  5s.  Id.  per  milreis  ? 

mil.   d.           mil.  reis.  ^^  tlius, 

1    :    67    : :    669    72  669  milreis. 

1000                    1000  5s.  is  i  167       5       0 

1000  reis      ^  669072  reis  6d.  is  Jj,  16     14       6 

' 67  1     is   i  2     15       9 

4683504  72  reis  =  0       0       M 


4014432  ^186     15*.    74^.  Ans- 


1,000)44827,824 
12)44827|  ~ 
2,0)3735  7| 
a^l86  15  7|  Ans. 

(2.)  In  569/.  17*.  lOd.    sterling   how   many  milreis  ;  ex- 
change at  5s,  6d.  sterling  per  milreis  ? 

Afis.  2072  milreis,  33344  reis. 

(3.)  In  754/.  185.6c?.  sterling  how  many  crusados  ;  exchange 
at  64^  per  milreis  ?  Ans.  7022  cru.  223  re. 

(4.)  In  2729  crusados,  372  reis,  how  much  sterling ;  ex- 
change at  62c?.  per  milreis?  Ans.  282/.  1*.  10|rf. 

(5.)  Reduce  827  milreis,  160  reis,  into  pounds  sterling;  ex- 
change at  63|c/.  per  milreis.  Am.  218/.  8*.  5^d. 


EXCHANGES — VENICE.  22J 

VKNK  K. 

They  keep  their  nccouiit-t  at  Venice  in  (I«illars  •i.Mi.  auA 
il(  tiari,  and  excliange  by  the  ducat  and  piastre. 
1  '2  denari  )  (  noUlo. 

'i()  soldi      -  make  one     lira,  or  piastre  of  Lcghurn. 
<>nira     )  (ducat  currenL* 

Exchange  from  ')'2ti.  to  M<1.  per  ducat,  and  from  l.W.  t^ 
Sid.  per  piftjitrc  or  lira. 

Agio  from  'JO  to  30  piT  cent. 

Note. — L«ghorn,  Napless  (Jenoaf,  ami  mo«t  other  part- 
of  Italy,  keep  their  accounts  in  the  same  deuunnnation.«. 

EXAMPLE.S. 

(1.)  In  7456  pias.  9  sol.  6  den.  lira  money,  how  many 
pounils  sterling,  exchange  being  at  49^//.  per  lira  ? 


piaa. 

s. 

rf. 

7  \rs 

9 

() 

(I 

40  is  \    1242 

14 

11 

8  i.s  I     248 

10 

n; 

lis  ^       31 

1 

<^ 

1  U  i       15 

10 

R 

^>M         7 

15 

4 

4"i         3 

17 

8 

v^l549 

10*. 

~l\d. 

(2.)  In  27S/.  17*.  9*/.  sterling  how  many  pia»trefl  of 
T.eghorn  ;  exchange  at  47,i</.  per  piastre  ? 

Ahs.  1412piaj«.  IGaoI.  Kden. 

(;i.)   Keduce    1.549  due.    18  sol.    1   den.   f'     '     f 

\'enice  into  sterling  money  ;  exchange  at  4"  r 

ducat.  Alls.  w/.  n.    ,   //'. 

(  t. )  In  4789  due.  19  sol.  3  den.  current  mon«-y  how  many 
pounds  sterling;  exchange  at  is.  Id.  \wr  ducat  tl.ln(-l^  and 
agio  20  per  cent  ?  Ans.  Si 4/.  I(i*.  .W. 


*   There   are    thnw   aort*  of   maovy  at  V«nier.  *{>.  immk  -t. 

which  llicy  li.  I 

tlifir  coin  ;  iv. 

■f    In    Gcn>'.«    ■>:  i  .11.    «.  V lii 

rfHtiiimi    nn<i    tliv  .    in    ««)u«    to    the 

I-'rcni'li  tVuiK'.  u[  .i!  ^        .  1  lini  nuuta. 
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(5.)  In  415/.  175.  4d.  sterling  how  many  ducats,  &c. 
current ;  agio  20  per  cent.,  and  exchange  at  53d.  per  ducat  ? 

Ans.  2259  due  99  soldi. 

(6.)  In  100^.  sterling  how  many  piastres  of  Leghorn ;  ex- 
change at  52^(/.  per  ducat  ?      Arts.  2834'  pias.  5  sol.  84  den. 


RUSSIA. 

They  keep  their  accounts  at  Petersburgh  in  rubles  and 
copecs,  and  exchange  by  the  ruble. 


50  copecs  ^  fpoltin. 

2  poltins,  or  100  copecs    5- make  one-|  ruble. 
2  rubles  J  [^  ducat. 


Russia  exchanges  with  London  by  way  of  Hamburgh  or 
Amsterdam,  at  the  rate  of  from  48  to  50  stivers  per  ruble ; 
and  sometimes  directly  with  London  from  4*.  to  5s.  per  ruble. 

EXAMPLES. 

(].)  In  2634  rub.  58  cop.  how  many  pounds  sterling,  ex- 
change at  4*.  8d.  sterling  per  ruble  ? 
2634  rubles. 


4'S.  Of/,  is  i 

526     16 

0 

6d.  is  ^ 

65     17 

0 

2d.  is  4- 

21     19 

0 

58  cop.-=. 

0       2 

81 

614/.  14s. 

8irf.  the  answer. 

(2.)  In  674/.  17s.  6d.  sterling  how  many  rubles;  exchange 
49  stivers  per  ruble,  and  33s.  9^(/.  Flemish  per  pound  ster- 
ling ?  "       A?is.  2792  rub.  46  cop. 

(3.)  A  merchant  at  London  remits  to  his  correspondent  at 
Petersburgh  471/.  17s.  4c?.  stei*. ;  exchange  34s.  9d.  Flem. 
per  pound  ster.  for  Amsterdam,  and  the  exchange  from 
thence  at  50  stivers  per  ruble  ;  how  many  rubles  must  the 
correspondent  receive?  Ans.  1967  rub.  68  cop. 

(4.)  Received  from  Archangel  per  bill  of  exchange  4675 
rub.  46  cop. ;  exchange  122  copecs  per  rix-dollar  of  50 
stivers,  and  34s.  7d.  Flemish  per  pound  sterling  ;  how  much 
sterling  is  the  sum?  Ans.  923/.  9s.  U</. 


EXCHANGES  —  POLAND    AND    PRIMIA. 
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(."5.)  In  K>7a  rub.  Ui  cop.  Iiow  many  |>ounil«  ili-rlinp ;  vx- 
c'hanfju  1'2'J  copocs  pt-r  rix>(iollur  current,  agio  3  jmt  CfOU 
and  'Ms.  Id.  Y\vm\A\  per  |M)und  ittrrling?  Ans.  H'lG/.  1  If.  *i{d. 


POLAND  AND  RUSSIA. 

Thry   ko(  p  thrir  accounts  at  Dantiig  in  florins  grtuhcn, 
and  prnins,  mid  txchange  by  tin-  gn>^li. 


18  penius 
IS  <jroHhfn 
30  {jroshcn 

3  Horiiis,  or  90  gr. 

2  rix-doUars 


>niak<>  one 


oort. 

Horin.  or  Polish  guilder. 

rix-dollar. 

gold  dural. 


Exchanjre  is  madt-  with  Poland  and  PruMia  b)  w.iy  of 
Holland,  111.-  rxclianijc  bting  fioni  2K)  to  '2M5  gro*lun  per 
)>ound  PU'niish. 

EXAMPLF9. 

(I.)  In  1-T8/.  l+«.  IV/.  sterling  how  many  Pniwia  florins, 
»^c. ;  exchange  'Jo5  groshon  jmt  pound  PK-mish,  and  .SS*.  6</. 
I'leniish  p»r  p«»und  .sterling  ? 

478/.   1+*.    9d. 

239       7       V^ 

79     15       9« 

3     19       9 


\08.0d.  is  \ 

3.V.  UL  is  > 

2r/.  is  ..'.. 


m\L  17<.    8<2. 


641J 
400 


1        4 
18     10 


681 6  yfoniM,  the  ansnrer. 

(2.)  In  69^19  flor.  ligros.  2  pen.  Polish  how  many  pounds 
-Icrling;  exchange  2(»<)\  Polish  gro^hen  p<r  jniund  Pl<  mi>b, 
and  34.«.  S</.  Flemish  per  pound  sterling  ? 

Ahs.  \cAt.  1 4  <..■;:</. 

(:J.)  In  S7j/.  \U.  iuL  sterling,  how  many  ri\ 
Polish  :  exchange  2<K)  groshen    Poli-sh   per  jh»ui.  . 
and  3  Is.  Ut.  Flemish  per  pound  sterling  ? 

Ahs.  48ii  rixHioll.  9  grosh.  1  pen 

L  6 


h. 
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(4.)  In  6747.  18*.  4f/.  sterling  how  many  Polish  guilders, 
&c ;  exchange  274  Polish  groshen  per  pound  Flemish,  and 
35*.  6d.  Flemish  'pev  pound  sterling  ? 

Ans.  10941  guil.  15  grosh.  12  pen. 

(5.)  In  546/.  17*.  8d.  sterling  how  many  gold  ducats;  ex- 
change 295  groshen  per  pound  Flemish,  and  33*.  10<^.  Flemish 
per  pound  sterling?     A?is.  1516  gold  due.  37  grosh.  10  pen. 


SWEDEN. 

They  keep  their  accounts  at  Stockholm  in  copper  dollars 
and  oorts,  or  in  silver  dollars,  and  exchange  by  the  copper 
dollar. 

"runstychen. 

stiver. 


o  penins 

3  runstychens 

8  stivers 
32  runstychens 
96  runstychens 
24  marcs 


make  one 


marc. 

copper  dollar, 
silver  dollar, 
.copper  rix-dollar. 

The  exchange  here  is  subject  to  great  variations,  but  is 
usually  from  46  to  50  copper  dollars  per  pound  sterling. 


EXAMPLES. 


(1.)  In  146/.  17*.  6d.  sterling  how  many  copper  dollars 
exchange  48^  copper  dollars  per  pound  sterling  ? 

146/.  17*.    6d. 

6x8=48 


881       5 

0 

8 

7050       0 
73       8 

0 
9. 

7123       8 

9 

8 

5)70 

0 

14      0 
Ans.  7123  cop.  doll.  14  runs. 


i:XCIiANUE«  —  IRELAKU.  239 

(2.)  In  'yUU.  lOx.  G\(L  Bh-rlinf;  how  many   humt  UulUr* ; 
cxcliuiigf  at  VJ\  cupprr  dollunt  jht  pound  »t«rlin(»  ? 

Am.  «K)'i.'>  !»ilv.  doll.  1 1  run,  5  jwo. 
(:i.)  In  (il i/.  1  \s.  <)//.  stt-rlinj;  Imw  many  uiarcit,  Ac.  ;  vx- 
chaugf  1-8  copptT  dollars  prr  pound  nti-rling  ? 

Ams.  \'M1'2  marcs  <>  »t.  U  jm-h. 
(t-.)  In  1  l(>7n  silver  doll.  IK  run.  7  )M>n.  how  many  |N*nnd< 
htcrling ;  I'Xi'liange  49  copprr  dullarn  jmt  |Htund  .<t<rling  r 

Aru.  714/.  17^.  4}c. 

(.'}.)  In    1 11/.  if.  2Jrf.  sterlinjj   how   many    Switluh   rix- 

dollar>  ;  rxclianpo  '.i'>s.  7'/.  Fl^•mi^h  p»r  pt)und  »t«rling,  KXi 

AnKstirdam  rix-dnllars  ciiin  lit   for   10()  Sttt-di^h  rix-dullam, 

and  agio  5]  ?  I""-  4(i5  SwvdUb  KxhIoII. 


IREL.VNI). 

Accounts  are  kc{)t  in  Ireland  in  pound.4,  »hilling»,  and 
jKMM-e  Irish,  divided  as  in  Knglantl. 

The  par  of  Is.  in  Kngliiih  is  Is.  Ir/.  Irish  ;  and  therefore 
100/.  English  is  lOS/.  Os.  S*/.  Irish.  Bui  the  course  of  ex- 
change varies  from  6  to  20  per  cent. 

EXA.MPLES. 

(1.)  London  ri-nubi  to  Irclainl  7^7/.  I3s.  sl»rling  ;  how 
much  Iri>h  must  London  be  credited,  exchange  at  lOj  |Hr 
cent.? 

787/.  1 5s. 

10xlI-»-A  =  110\ 


7877     10 
11 

86652     10 
393     17 

6 

870.46       7 
20 

9.27 

12 

3i6 

4> 

(i 

1.20 

Alts.  870/.  9*.  Sid, 
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(2.)  Ireland  remits  to  London  879/.  6^.  6c?.  Irish ;  how 
much  sterling  must  Ireland  be  credited  for,  exchange  11^ 
per  cent.  ?  Ans.  787/.  14*.  Hid. 

(3.)  London  remits  to  Ireland  540/.  10*.  sterling;  how 
much  Irish  must  London  be  credited  for,  exchange  12  per 
cent.  ?  -^^^^  605/.  7s.  2^d. 


AMERICA  AND  THE  WEST  INDIES. 

In  North  America  and  the  West  Indies  accounts  are  kept 
in  pounds,  shillings  and  pence,  as  in  England. 

But,  as  there  are  here  but  few  coins,  they  are  obliged  to 
substitute  a  paper  currency  for  carrying  on  their  trade  ; 
which,  being  subject  to  many  casualties,  suffers  a  great  dis- 
count in  its  negotiation. 

EXAMPLES. 

(1.)  Reduce  1575/.  14«.  9c?.  West  India  currency  to  pounds 
sterling  ;  exchange  being  35  per  cent. 

135/.    :     100/.   ::    1575/.  14s.     9d. 
Or  27    :       20  4x5rz20 


6302 

19 

0 
5 

3)31514 

15 

0 

9)10504 

18 

4 

£1167 

4s. 

3d 

UNITED  STATES. 

100  cents  =  l  dollar, 

1  dollar— about  4s.  l^d.  sterling. 

But  the  fixed  exchange  value  of  the  dollar  at  par  is  4s. 
6d.  sterling  or  currency.  Sterling  often  bears  a  premium 
upon  this  of  about  10/.  per  cent.,  100/.  sterling  being  worth 
110/.  United  States  money  at  4s.  6c?.  per  dollar. 


AniJITRATIOS    or    EXCIIANGEI.  231 

KXAMI'LKS. 

(1.)  Exchange  100/.  utrrling  into  T'n!t<<I  Sutcs  doUarv  at 
par,  and  also  at  10/.  per  cent- 

X.    d.  £         dolhtr. 

As  \     ii      :        110      ::       l        ;        \SV>  dot.  hh  crnU. 
VI  20 

51  2'i(X) 

12 


5l-)2(i+0()(i88  dollars,  88  cent*.  Ah*. 
480 
480 

48 
100 


54)t800(88feM/j. 

(2.)  A  merchant  in  the  West  Indies  is  indebted  to  a  mrr- 
chant  in  London  ,57.5/.  \9s.  (VA  sterlinfr,  with  how  much 
currency  munt  he  he  credited  in  the  Wcj«t  Indie;*,  when  the 
exciiango  is  [i3\  per  cent.  ?  Aus.  7*)T/.  l!»*.  Ul 

(3.)  A  mercluint  of  London  consigns  to  thr  \Ve«.t  IndiiMi 
goods  amounting  to  ,57S/.  1}>.«.  (v/.,  which  nn-  »oId  for  S47/. 
l.j.v.  6ff.  currency;  what  sterling  ought  the  factor  to  remit, 
deducting  .5  pi'r  cent,  for  commission  and  charges,  and  what 
does  London  gain  per  cent,  upon  the  ailvcnture,  sup|H>sing 
the  exchange  at  30  per  cent,  ?  Ans.  8/.  95.  IJ '//. 


^rbitrntion  of  Cirhnnorc;. 

ARBiTnATioN  OF  EXCHANGE  i»  a  nieth(Kl  of  finding  »uch 
a  rate  of  exchange   brtwi-en   any  two  plac«'s,  as   shall  l>e  in 
pn»porti^)n  with  the  rali-s  ussigiu'd  l>etw«>rn  rnch  of  tlu-ni  and 
:i  third  j)lace  ;  it  being,   by  comparing  i 
thus  found,  with  the  present  coursr  "f  .  r- 

son  can  jutige  which  way  to  remit  >  utu;u)  to  llic 

most  advantage,  and  what  the  ad\..  >>l  be. 


232  ARBITRATION    OF    EXCHANGES. 

All  questions  in  this  rule  may  be  performed  by  one  or 
more  operations  in  the  rule  of  three,  or  by  compound  pro- 
portion. 

EXAMPLES. 

(1.)  If  the  exchange  between  London  and  Amsterdam  be 
33s.  9d.  per  pound  sterling,  and  the  exchange  between 
London  and  Paris  be  32c?.  per  ecu  ;  what  is  the  par  of  arbi- 
tration between  Amsterdam  and  Paris  ? 

24-0(/.      :       33s.  9d.     : :      S2d. 
12 


405 

32 

810 
1215 

24,0)1296,0(54 
120 


96  Ans.  54:d.  Flem.  per  ecu. 
96 


(2.)  Amsterdam  changes  on  London  at  34s.  4c?.  per  pound 
sterling,  and  on  Lisbon  at  52f7.  Flemish  for  400  reis ;  what 
ought  the  exchange  to  be  between  London  and  Lisbon  ? 

Ans.  75-^'-^-jd.  sterling  per  milreis. 

(3.)  London  exchanges  on  Amsterdam  at  34s.  9c?.  per 
pound  sterling,  and  on  Lisbon  at  5s.  5^d.  per  milreis ;  what 
is  the  arbitrated  price  between  Amsterdam  and  Lisbon  ? 

A?ts.  45i]f  Flem.  per  crusado. 

(4.)  London  is  indebted  to  Petersburgh  5000  rubles  :  now 
the  exchange  between  Petersburgh  and  England  is  at  50d. 
per  ruble  ;  between  Petersburgh  and  Holland  90c?.  per  ruble  ; 
and  between  Holland  and  England  36s.  4c?. ;  which  Mill  be 
the  most  advantageous  method  for  London  to  be  drawn  upon  ? 
A?is.  London  will  gain  91.  lis.  1|</.  by  making  payment 
by  way  of  Holland. 


MISCELLANEOUS    QUESTIONS.  S9S 

(J).)  Amstrnliuii  lias  an  onliT  to  n-init  a  rrrtain  »uni  lo 
Cudi/. :  anil  at  tin-  tiiiu- of  tliiHorilcr  iM-irif;  ^ivin  Aiii*l<  niaiii 
can  n-init  to  Cadi/  at  ;»t^</.  jut  «lucnl  ol  ST.*  M»ara\«<li..  anil 
Londiiii  can  rrinit  to  I'aili/  ut  3S</,  jmt  piattn-  of  uT-  nwini- 
veiliis  ;  which  then  \till  I)*-  nio>t  advantagfouH,  for  .\ni»t<  ntani 
to  remit  directly  to  Cadiz,  or  by  way  of  Loudon,  f\chaiigi' 
being  S5s.  IQd.  per  pound  hterling? 

Ah3.   iJSji.  H|</.  per  cent,  in  favour  of  London. 

(G. )  A  merchant  of  London  has  (lOOO  guiltlem  in  the  Bonk 
of  Am-tenlam,  and  was  oH'ereil  '2'2tl.  sterlifip  n  piece  for  them  ; 
but  not  likinir  the  oti'er,  he  indorsed  a  bill  for  the  whole  to  his 
factor  in  Paris,  w  hobron^ht  the  money  to  France,by  exchan^'- 
ing  at  '}')(/.  Flemish  per  cn)wn:  he  allowed  the  factor  ^  p<  r 
cent,  commission  for  his  trouble,  anil  thi  n  drew  upon  him  tor 
the  whole  exchange  at  :{'JW.  per  ecu  ;  how  much  was  this  In-ttcr 
than  the  offer  at  'i'iJ.  per  guilder  ?  Am.  28iL  IH$.  2fj<t 


iHiorrllanrou^  cOurotiono. 


(I.)  A.  wa-s  born  when  H.  was  IS  years  of  age;  U>,\\  old 
will  A.  be  when  B.  is  il,  and  what  will  be  the  age  of  H.  when 
A.  is  72  ?  Ahs.    a.  *JS,  U.  IX). 

(2.)  How  many  bricks,  9  inches  long  and  -V  incheA  broad, 
w  ill  floor  a  sipiare  room  that  is  20feeton  each  .side  ?  Aiu.  1600. 

(S.)  What  sum  of  money,  at  'M/L  per  cent.,  will  clear  :{S/. 
10*.  in  a  year  and  a  ijuarter's  time?  Am.  HM)/. 

(i.)  If  2  acres  of  land  will  maintain  3  hor»e»  for  +  daym 
liow  long  w  ill .')  acres  of  the  same  pasture  maintain  six  hor»e»  ? 

Ans.  5  days. 

(5.)   If  'M.  be   taken  oil"  from  every  17/.   in   a- 
rent  of  a  farm,  what  will  the  landlord  receive  out .  : 
of  IK)/,  a  year,  reckoning  the  tax  at  4«.  in  the  pound  .' 

Ahs.   l\(U.  IH*.  !»^«/. 

(6.)  What  annuity  is  sufficient  to  pay  off  a  debt  of  20,000/. 
in  30  yeans  at  i  per  cent,  per  annum,  comjKJund  interest  ? 

Am.  1 1  ml  12i. 
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(7.)  When  will  the  hour  and  minute  hand  of  a  clock  be 
perpendicular  to  each  other  next  after  12  o'clock  ? 

Ans.  16^\  minutes  past  12  o'clock. 

(8.)  If  by  selling  goods  at  2*.  3d.  per  lb,  I  clear  cent,  per 
cent.,  what  shall  I  clear  per  cent,  by  selling  them  for  9  guineas 
per  cwt  ?  Ans.  50l.  per  cent. 

(9.)  Sold  a  piece  of  cloth,  containing  1000  Flemish  ells,  for 
850  guineas,  and  gained  upon  every  yard  ^  of  the  prime  cost 
of  an  English  ell:  what  did  the  whole  piece  stand  me  in? 

Ans.  771/.  17*.  lO-^-jd. 

(10.)  Sold  goods  for  60  guineas,  and  by  so  doing  lost  17/. 
per  cent.,  whereas  I  ought,  in  dealing,  to  have  cleared  20  per 
cent. :  how  much  were  they  sold  under  their  just  value  ? 

Ans.  28/.  Is.  8^^d. 

(11.)  Laid  out  in  a  lot  of  muslin  500/.,  but  upon  examina- 
tion a  third  part  of  it  proved  to  be  damaged,  so  that  I  could 
make  but  5s.  per  yard  of  it,  and  by  so  doing  find  I  lost  50/. : 
at  what  rate  per  ell  then  must  I  sell  the  undamaged  part,  so 
that  I  may  clear  50/.  by  the  whole?  Ans.  lis.  lid. 

(12.)  How  many  oaken  planks  will  floor  a  barn  60^  feet 
long,  and  33^  feet  wide,  supposing  the  planks  to  be  15  feet 
long,  and  15  inches  wide?  Ans.  108Jx. 

(13.)  A  hare  starts  40  yards  before  a  greyhound,  and  is  not 
perceived  by  him  till  she  has  been  up  4-0  seconds  ;  she  scuds 
away  at  the  rate  of  10  miles  an  hour,  and  the  dog,  on  view, 
makes  after  her  at  the  rate  of  18:  how  long  will  the  course 
hold,  and  what  ground  will  be  run  over,  beginning  with  the  out- 
setting  of  the  dog  ?  Ans.  60/^ sec.  the  time,  and  530  yds.  run. 

(14.)  An  island  is  73  miles  in  circumference,  and  3  footmen 
all  start  together  to  travel  the  same  way  about  it;  A.  goes  5 
miles  a  day,  B,  8,  and  C.  10 :  when  will  they  all  come  together 
again  ?  Ans.  73  days. 

(15.)  A.,  B.,  and  C.  are  to  share  100,000/.  in  the  proportion 
of  I,  -1,  and  A  respectively;  but  C.'s  part  being  lost  by  his 
death,  it  is  required  to  divide  the  whole  sum  properly  between 
the  other  two  ? 

Ans.  A.'s  part  is  57142f/.  and  B.'s  42857|/. 
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( IG.)  If  'idO  iiirn  an*  iMsirpcil  in  a  parriHon,  aril  '  :  ►. 

visions  only  for ;)  inontliH;  how  many  nun  must  Un.  . , 

that  the  rtinaiiKliT  may  Ik-  itupjilivtJ  for  5  nionthn  r 

Am*.  224. 

(17.)  rill'  amount  of  a  sum  of  mnnry  which  had  Urn  put 
out  to  inti-n-st  is  1(N)/.,  aixl  thr  principal  i<t  ju«t  7  limi-«  u 
much  the  intonst :  what  is  tin-  principal?  Ams.  H7/.  lOf. 

(IS.)  If  a  parrisorj  of  l'J(K)  mm  have  pnivUiuns  for  12 
months,  but  at  the  end  of  li  months  arc  n-infurr<^l  with  500 
nun,  and  'J  months  after  with  WX)  more ;  how  h)np  will  thr 
))rovi.sions  la-^t,  supposinp  no  alteratiun  t«»  Ik-  made  in  the 
daily  allowance  of  each  man? 

Am.  81^  rnonthn  in  thr  whole. 

(li>.)  If  two  men  in  three  days  can  earn  ].>»..  how  much 
can  seven  men  earn  in  four  days?  Ans.  3/.  10*. 

(iJ().)  A  pipe  of  ()  inches  hore  will  run  «ifl"  a  certain  <|uantity 
of  li(|Uor  in  '.i  hours,  in  what  time  will  4  pip<>^.  each  of  S 
inches  bore,  discharpe  double  the  quantity  ?      Ans.  6  hour*. 

(21.)  If  a  barrel  of  l)oer  bo  sufficient  to  \asi  a  family  of  7 
persons  12  days,  how  many  barn  Is  will  be  drunk  by  a  family 
of  12  persons  in  a  year?  Atu.  /)2l  IwrrrU. 

(22.)  S\ipposethe  population  of  a  countr)-  has  increowd  a 
tiiith  ))art  every  year,  and  that  there  were  \\('Al  |M'nnins  ex- 
isting at  the  end  of  the  Hrst  five  years:  how  many  mu»l 
there  have  been  at  the  beginninp?  Aiis.   10,000. 

(23.)  If  I  buyacertain  ct)mmo»lity  at  G*.  per  lb.  troy  wvightt 
how  must  I  sell  the  same  per  oz.  avoinlupois,  so  as  neither  to 
gain  nor  lose  by  the  barpain  ?  Ans.  5.4/W. 

(2i.)  A  general  arranging  a  division  of  hisamiy  in  thefonu 
of  a  solid  s(|uare,  fouml  he  harl  H-  men  remaining;  but  in- 
creasing e.ieh  side  by  another  man,  he  wantetl  VJ  to  till  up 
the  stjuare  ;  how  many  nun  had  In-?  A/ts.  2lf><>. 

(2,>)  \  person  dying  worth  .>KJO/.  lefk  his  wife  «it!i  .  lild. 
to  whom  he  be({ueatiu>d,  if  she  had  a  son,  ^  of  hi'>  I 

the  rest  to  his  son;  but  if  she  had  a  ilaughter,  )[  to  tip  r. 

and  the  rest  to  her  mother.  N«iw  it  hap|M-n(d  that  «h«'  had 
both  a  son  and  a  <lauphter  ;  how  must  the  estate  Ik-  divided, 
so  as  to  answer  the  father's  intention  ? 

Ans.  The  son's  3120/,  the  mother's  1560/.,  and  the 
daughter's  part  is  7^0/. 
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(26.)  If  3  men  or  4  women  can  do  a  piece  of  work  in  56 
days ;  how  long  will  one  man  and  one  woman,  working 
together,  be  in  doing  it  ?  Ans.  96  days. 

(27.)  Supposing  the  circumference  of  the  earth  to  be  25000 
miles ;  what  is  the  length  of  a  degree,  minute,  and  second,  of 
that  circle?  A?is.  1  degree=69-^  miles,  1  minute^l-^y-g 

mile,  and  1  second  =  33^i^  yds. 

(28.)  A  lb.  of  gold,  consisting  of  11  oz.  fine,  and  1  oz.  of 
alloy,  used  to  be  coined  in  the  Mint  of  England  into  -i^^ 
guineas ;  M'hat  then  is  the  value  of  a  lb.  of  pure  gold,  sup- 
posing the  alloy  to  be  of  no  value  ?  Aiis.  501.  19s.  5^. 

(29.)  A  prize  worth  thirty  thousand  pounds  is  to  be  divided 
among  1  colonel,  2  majors,  10  captains,  22  lieutenants,  10 
ensigns,  50  sergeants,  20  corporals,  and  1000  privates,  in  the 
following  proportion  :  the  colonel  is  to  have  one  eighth  of  the 
whole  ;  the  majors,  one  hundred  shares  each  ;  the  captains  50  ; 
the  lieutenants  25  ;  the  ensigns  20 ;  the  sergeants  5  ;  the  cor- 
porals 3,  and  the  privates  1  ;  it  is  required  to  find  the  value  of 
their  respective  shares  ? 

Ans.  Col.  3750/.,  majs.  951/.  Is.  S^d.,  capt.  475/.  10*.  10^d., 
lieuts.  237/.  155.  5J>^d.,  ens.  190/.  4*.  4^\rf.,  serg."47/. 
Il5.  l^Lrf.,  Corp.  28/.  105.  7-^d.,  priv.  97.  10*.  2^-^d. 

(30.)  A  merchant  sold  goods  for  753/.  more  than  he  gave 
for  them,  and  cleared  by  the  bargain  15  per  cent. ;  what  sum 
did  he  buy  them  for  ?  Ans.  5020/. 

(31.)  A  cistern,  containing  60  gallons  of  water,  has  3  un- 
equal cocks  for  discharging  it ;  the  greatest  cock  will  empty 
it  in  1  hour,  the  second  in  2  hours,  and  the  third  in  3  hours  ; 
in  what  time  will  it  be  emptied  if  they  all  run  together  ? 

Ans.  32^  minutes. 

(32.)  If  I  buy  goods  for  600/.  and  sell  them  again  imme- 
diately for  630/.  giving  4  months'  credit ;  what  do  I  gain  by 
the  bargain?  Ans.  191.  13s.  5^d. 

(33.)  If  the  scavenger's  rate  at  l^d.  in  the  pound  comes  to 
6s.  7^d.  where  they  usually  assess  |  of  the  rent ;  what  will 
the  tax  for  that  house  be  at  4*.  in  the  pound,  rated  at  the 
full  rent?  Ans.  13/.  5s. 

(34.)  If  A.  can  do  a  piece  of  work  alone  in  10  days,  and  B. 
in  13;  in  what  time  will  it  be  finished  if  they  are  both  set 
about  it  together?  Ans,  5^|  days. 
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(3.1.)  A.  and  B.  togi'thrr  can  hiiilcl  a  Iwat  in  18  days,  and 
with  thf  as>i>tanct'  of  C.  tht-y  can  «ln  it  in  II  day* ;  in  what 
time  then  would  C.  do  it  hy  hiiiuilf?  Ant.  *2Hi  i|,n». 

(3G. )  If  A.  ran  do  a  ]wrr  i»f  «nrk  ali»nf  in  ID  dii\«,  iuhI  A. 
and  H.  topcthrr  in  7  days;  in  what  tiint*  ran  li.  di>  it   ilov,  > 

An*. 

(.^7.)   A.,  H..  and  C.  tofirther,  can  cnmplrt«>a  pii  •       • 
in  I 'J  days;  ('.  ran  do  it  alonr  in  '2\  «lay<«,  and  A.  in  MJ  day*  ; 
in  what  time  would  H.  <lo  it  by  hinwrlf?         Ans.  8| j  day*. 

(;J8.)  A',  can  do  a  piece  of  work  in  3  wwks;  B.  can  do  thrice 
a>s  much  in  S  wci-ks,  and  ('.  5  tiniM  n*  much  in  12  weeks;  in 
what  tinii'  can  they  finish  it,  if  they  are  all  emplny«-«|  at  it 
tofr.ther?  Ans.  6  i  lays  5',  houm. 

(M9.)  If  a  cartlinal  can  pray  a  .soul  out  of  purgatory,  by 
hin)S(>ir,  in  an  hour,  a  bishop  in  3  liourn,  a  priest  in  .'>,  and  a 
friar  in  7  ;  in  what  tinu-  e.in  they  pray  out  3  Houlsall  praying 
tDgtther?  Ans.   I  h. +7  m.  ti^i-'j  »ec 

(  K).)  It  is  re(|uired  to  divide  l.jfK)/.  between  A^  B.,  arc!  (' 
so  that  B.  may  have  7'2/.   more  than   A^  and  C.  11*2/. 
than  B.        Ans.  A.'s  .share  i.s  H  ij/.,  B.'.s  4H(i«;/.,  C.'s  .'/♦-.. 

(+1.)  Three  merchant-s  A.,  B.,  and  C,  freight  a  ship  with 
wine,  A.  had  28 !•  tun.««,  B.  l+O,  andC.  fii;  but  the  captain,  in 
a  storm,  wa.**  obliued  to  throw  |(X)  tun.n  overboanl :  what 
part  of  the  loss  did  each  sustain? 

Ans.  A.  .58,!  i  tuns  B.  28||  tuns  and  C.  IS^'j  tun.*, 

(1-2.)  A  traveller  left  Exeter  at  8  o'clock  in  the  morning, 
and  walked  towards  London  ai  the  rate  of  3  inilc^  an  hour, 
without  intermission  ;  white  another  st^t  out  from  London  at 
4  o'elofk  the  same  evrniiii;,  and  walked  towanis  Kxrter  at 
the  rate  of  four  mill's  an  hour  ;  now,  supposini;  the  diitanre 
between  these  two  cities  to  be  13()  niihi*,  whereabout."*  on  the 
road  will  they  nuft  ?  Ans.  i'tUl  miles  from  Kxiter. 

(43.)  A  n'st-rvoir  for  wafer  has  two  coeks  to  supply  it  ;  by 
the  first  of  whieh,  alone,  it   may  be  fill«*<I  in  4<)  minutes,  .iiul 
by  the  second  in  oO  minutes  ;  it  has  likewiM>   a   disrha; 
cock,  by  which  it  can,  when  full,  b«'  emptietl  in  2.5  nni. 
now,  if  these   three  cocks  are  all  h-ft  o|H<n  when  the   ^■^ 
comes  in,  in  what  time  would  the  eiatem  Im*  filled,  *upj.v;-.v 
the  inHux  and  efflux  of  the  water  to  be  always  alike  ? 

Ans.  3  ho.  20  mio. 
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(44.)  If  231  solid  inches  make  a  gallon  of  wine  old  mea- 
sure, and  282  a  gallon  of  ale ;  how  many  gallons  of  wine 
will  a  cask  hold,  that  was  made  to  contain  38  gallons  of  ale  ? 

Ans.  46.389  gal. 

(45.)  A  person  left  by  will  one  half  of  what  he  was  worth 
to  his  son,  a  third  to  his  daughter,  and  10,000/.  which  re- 
mained to  his  widow ;  what  were  their  respective  shares  ? 

A?is.  Son's  3000/.  and  daughter's  2000/. 

(46.)  A  court  contains  40  square  yards  ;  how  many  stones 
are  necessary  to  pave  it,  each  being  3  ft.  by  1  ft.  6  in.  ? 

Ans.  ]  20. 

(47.)  A  water-tub  holds  147  gallons,  and  the  pipe  that 
supplies  it  usually  brings  in  14  gallons  in  9  minutes,  while 
the  tap  discharges  at  a  medium  40  gallons  in  31  minutes ; 
now,  supposing  these  both  to  be  carelessly  left  running  for 
3  hours  before  the  tap  is  shut,  it  is  required  to  find  in  what 
time  the  tub  will  be  filled  after  this  accident,  in  case  the 
water  continues  flowing  from  the  main  ? 

A?is.  1  h.  3  m.  484i4  sec. 

(48.)  A  stationer  sold  quills  at  11*.  a  thousand,  by  which 
he  cleared  f  of  the  money ;  but  on  their  growing  scarce  he 
raised  them  to  13s.  6c?.  a  thousand:  what  did  he  clear  per 
cent,  bv  the  latter  price  ? 

Afis.  96j\/.  or  96/.  7s.  S-^^d.  per  cent. 

(49.)  It  is  required  to  find  the  number  of  fifteens  that  can 
be  made  out  of  a  common  pack  of  52  cards,  as  in  the  game 
ofcribbage?  Ans.  17264. 

(50.)  Required  the  number  of  different  sums  that  may  be 
formed  with  a  guinea,  a  half-guinea,  a  crown,  a  half-crown, 
a  shilling,  and  a  sixpence.  Ans.  55986. 

(51.)  In  what  time  will  100/.  put  out  at  four  per  cent, 
compound  interest,  amount  to  1000/.  ?  Ans.  in  58.908  years. 

(52.)  If  a  company  consisting  of  30  men  be  drawn  up  in 
a  column,  with  how  many  different  fronts  can  this  be  done, 
supposing  five  men  to  be  always  in  front  ?         Ans.  142506. 

(53.)  Required  the  least  number  that  can  be  divided  by 
each  of  the  nine  digits,  1,  2,  3,  4,  5,  6,  7,  8,  9,  without 
leaving  a  remainder  ?  Ans.  2520, 
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(5V.)  Mow  many   paliiadi^A  will  <iurrmintl  n  iv|uan-    •   r* 
uliost' .-id<'  is    l.>()  yanU,  tht:  ct'ntn*H  of  tin-  pali»a<iiii   !■ 
10  inchrs  a-HUiuler  ?  Ahs,  'J\i>" 

(55.)  SuppoM- a  general  laj«  a  rontribution  of  20(X)/.  nu  i 
towns  to  be  |>ai«l  in  pro|Mtrtion  to  the  numWr  of  inliahi(ani« 
in  (iuli  :  ami  that  the  l^t  contains  TJOO,  tlu*  2il  140(),  ;'.. 
Sd  l(j(X),  ami  the  4tli  18(X):  what  part  mu»t  «aph  town  |  i 

Ans.    KX)A,  y](i'L,  5M.H'./..  ami  ('•  / 

(.36.)  Suppose  a  famu-r  htm  a  calf,  which  at  tlnM-ml  of  thr. 
years  Ix^gins  to  hrml,  and  altrrwards  liringt  a  fmiali-  call 
every  y»ar:  and  that  lach  calf  lupins  to  breed  in  like  manner 
at  the  end  of  three  years,  brinpinij  forth  a  cow-calf  ever>- 
year;  and  that  th«*se  last  bn-ed  in  the  same  tnannrr,  Ac; 
it  is  required  to  determine  the  owner's  whole  otock  at  the 
end  of  20  vears  ?  Ans.   127S. 


.\    rOM.ECTFON   ol     ^(.\u.    ni      iiii;    MosT    I'SEFUL 
PUOPKRTIE.S  OV  M  .MHKHS. 

[extracted    from    El'CUD.    ASI»   oHHii    ni<iT>B«  'i 
DEFINITIONS. 

(1.)  A  unit,  or  unity,  is  that  by  which  every  tiling,  taken 
singly,  or  by  itself,  is  considered  as  one. 

(2.)  An  inter/cr    or  wAo/e  numlter,   is  that  which  U  cotn> 
posed  of  one  or  more  unit.s,  as  1,  2,  %  4,  Ac. 

(.'{.)  A  tnultiplc  of  any  number  is  some  exact  number  of 
tiuK-s  that  number. 

Tims,  fi  is  a  multiple  of  2,  or  of  .S.  the  former  Ix-ing  taken 
tlire«'  times  and  the  latter  twice. 

( t. )  A  niraxurr  or  a/if/imt  ftort  of  any  niimlM*r  i*  the  numb«T 
bv  which  it  can  In-  divid<d  Mithout  leaving  any  n  niaimliT. 

Thus,  2  an<l    '.i  are  each  nieasurt-s,   or  alii|uoi  part*  of  (i, 
bein^'  contained  in  it  an  exact  nunilKT  of  tim<^. 

(■).)  A  common    mrajiurr  of  two  or    nion-   i 
number  which  will  divide  each  of  them  witlu' 
muinder  :  and   if  it  be  the  greatest    iiumUr  that  wiil  uindc 
»!t"m,  it  is  called  their  greatt^t  eomniKii  nu-asun  . 
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Thus,  2  is  a  common  measure  of  8  and  12,  being  contained 
in  the  former  of  these  numbers  four  times,  and  in  the  latter 
six;  and  4  is  their  greatest  common  measure. 

(6.)  An  even  number  is  that  which  can  be  halved,  or  di- 
vided into  two  equal  parts,  as  2,  4,  8,  10,  &c.,  each  of  which 
can  be  divided  by  2. 

(7.)  An  odd  number  is  that  which  cannot  be  halved,  or 
which  differs  from  an  even  number  by  unity,  as  1,  3,  5,  7, 
9,  &c.,  neither  of  which  can  be  divided  by  2,  without  a  re- 
mainder. 

(8.)  A  prime  or  incomposite  number  is  that  which  cannot 
be  exactly  divided  by  any  other  number,  except  by  itself,  or 
unity. 

Thus,  2,  3,  5,  7,  11,  13,  17,  &c.  are  primes,  there  being  no 
number  except  1,  or  themselves,  by  which  they  can  be 
divided. 

(9.)  Two  numbers  are  said  to  be  prime  to  each  other, 
when  they  cannot  both  be  divided  by  any  other  number 
except  unity. 

Thus,  19  and  27  are  prime  to  each  other;  for  though  27 
is  divisible  both  by  3  and  9,  yet  1 9  is  not  divisible  by  either 
of  those  numbers. 

(10.)  Commensurable  numbers  are  such  as  have  a  common 
measure,  or  that  can  be  each  divided  by  some  other  number, 
without  leaving  a  remainder. 

Thus,  6  and  8  are  commensurable  numbers,  being  each 
divisible  by  2:  also  ^,  or  ^,  or  2^/2  and  3v/2  are  com- 
mensurable, the  two  former  being  divisible  by  -jV,  and  the 
two  latter  by  ^2.  * 

(11.)  Incommensurable  numbers  ov  quantities  are  such  that 
no  number,  or  quantity  of  the  same  kind,  will  measure  or 
divide  each  of  them  without  leaving  a  remainder. 

Thus,  the  numbers  15  and  16  are  incommensurable;  be- 
cause, though  15  can  be  divided  by  3  and  5,  and  16  by  2,  4, 
and  8,  yet  there  is  no  single  number  whatever  that  will  divide 
or  measure  both  of  them. 

*  Any  two  fractions,  when  brought  to  the  same  denominator,  have 
the  reciprocal  of  that  denominator  for  their  common  measure  ;  so  that, 
hi  this  sense,  all  vulgar  fractions  may  be  said  to  be  commensurable. 

With  respect  to  the  next  following  definition,  Euclid  has  demonstrated 
(Lib.  X.  Prop.  1 17.)  that  the  side  of  a  square  and  its  diagonal  are  in- 
commensurable to  each  other ;  which  is  also  the  case  with  the  diameter 
and  circumference  of  a  circle,  as  well  as  many  other  quantities. 


PROPERTIES   OP    NUMBERS.  241 

(12.)  A  mmjytsilf  niiMifH-r  is  that  wliirli  can  Ix*  ilivi«|n|  hv 
oiuf  uuiuImt  gri'at«T  than  unity;  or  which  conii.«ts  of  iwuur 
inort-  factors. 

Thus,  12  in  a  composite  nunitHT,  formed  by  the  product  of 
the  two  factors  3  and  V,  or  '2  and  (j;  by  each  of  which  it  it 
divisible. 

(IS.)  A  perfect  numlter  it  that  which  is  equal  to  tin-  i»um 
of  nil  its  divisors,  or  alii|iiot  |)art<i. 

Thus,  (j,  which  is  the  tii>t  p«Tfecl  numl>er,  in  equal  to  1  + 
tl  +  '.i,   the  sun»  of  its  ali(|uot  parts;  and    the  ni'\l  p.  i  T    ' 
number,  'iS,  is  c(|ual  to  I  +2  +  i  +  7+l+,  which  »»  th< 
of  all  its  ali(|u<>t  |>arts. 

(Ik)  Amicahlf  numlKrs  are  such  pairs  of  numlx-nt  as  are 
each  e(|ual  to  the  sum  of  all  the  divisors,  or  aliquot  |»arts  of 
the  <)ther. 

Tims,  the  first,  or  least  pair  of  amicable  numl)er»,  i*  'A'l) 
and  'JS  I- ;  where  I  +  L'  -r  t  +  5  +  1 0  f  1 1  -t  'JO  +  22  ^  i ^  -  .';.'> 
+  110,  the  sum  f)f  tin'  ali(|uot  parts  of  220.  is  4-(|ual  to  2HV; 
and  I  +2  -f  t  +  71  +  1+2,  the  sum  tif  the  ali({uot  part-s  of  2H-l^, 
is  equal  to  220. 

Axiom  1.  Anv  even  number  may  be  represented  by  2*. 
and  any  odd  number  by  2rt  +  1,  or  2ii.-  1,  «  being  any  whole 
numb«'r  what«'ver. 

Thus,  if  H=7,  then  2«=2x7  =  l4-,  an  even  numlxT:  and 
2/<  +  1  =2  X  7  +  1  =  1  .^,  an  odd  numWr,  or  2«  —  1  ss2  x  7  —  I 
=  13,  ati  odd  nund)er. 

2.  The  sum,  difiVrence,  or  product,  of  any  two  whole 
nund)ers  is  a  whole  nunib«r;  and  any  multiple  of  a  whole 
numl)er  is  a  whole  number. 


PROPOSITIONS. 

(1.)  The  sum  of  any  number  of  even  numbiTs  i»  an  even 
number. 

For,  li'l  2a,  2fc,  9f,  tie.  be  — to  •ny  even  nutnlirrt. 
Tlicn  will  2ii  +  tf*  «■  "it,  he.  lie  -  to  iheir  »um. 
Which  ii,  oideoUy.  an   ercn   iiuml>rf,   l>cii>jt  diviaib)«  by  8 
(/)./.  6.) 

Cor.  Hence,  an  even  numb<T,  taken  any  number  of  timcf 
is  an  even  number. 
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(2.)  The  sura  of  any  even  number  of  odd  numbers  is  an 
even  number. 

For,  let  2a  +  1,  26+  1,  2e+  1,  2d  +  l,  &e.  be  any  odd  numbers. 

Then  will  2a  + 26  + 2c  + 2(i,  &c.  +  1  +  1  +  1  +  1,  &c.  be  =  to  their 
sum. 

And,  since  2a  +  26  +  2c  +  2d,  Sec.  is  an  even  number,  and  any 
even  number  of  units  is  also  an  even  number,  it  is  plain  that 
the  whole  must  be  even. 

Cor.  An  odd  number,  taken  any  even  number  of  times,  is 
an  even  number. 

(3.)  The  sum  of  any  odd  number  of  odd  numbers  is  an 
odd  number. 

For,  let  2a  +  1,  26  +  1,  2c  +  I,  &c.  be  any  odd  numbers. 
Then  2a  +  26  +  2c,  &c.  +  1  +  1  +  1,  &c.  =  their  sum. 
And,  since  2a  +  26  +  2c,  &c.   is  an  even  number,  and  any  odd 
number  of  units  is  an  odd  number,  the  whole  must  be  odd. 

Coi:  An  odd  number,  taken  any  odd  number  of  times,  is 
an  odd  numbei'. 

(4.)  If  an  even  number  be  taken  from  an  even  number,  or 
an  odd  number  from  an  odd  number,  the  remainder  will  be 
even. 

For,  let  2a  and  26  be  any  two  even  numbers,  of  which  2a  is  the 
greatest. 

Then,  since  2a  — 26  is  divisible  by  2,  it  is  evidently  an  even 
number. 

And  if  2a  +  l  and  26+1  be  any  two  odd  numbers,  of  which 
2a  +  1  is  the  greatest. 

Then,  since  (2a  +  1 )  -  (26  +  1),  which  is==2a  — 26,  is  divisible 
by  2,  it  is  evidently  an  even  number. 

(5.)  If  an  even  number  be  taken  from  an  odd  number,  or 
an  odd  number  from  an  even  one,  the  remainder  will  be  odd. 

For,  let  2a,  26,  be  two  even  numbers,  and  2c+  1,  2rZ+  1,  be  two 
odd  numbers,  of  which  2c  +  1  is  greater  than  2a,  and  2d+  1  less 
than  26. 

Then,  since  2c+l  — 2a,  or  2c— 2a+l,  and  26  — (2d+l),  or 
26-2rf  — ],  are  not  divisible  by  2,  they  will  evidently  be  odd 
numbers. 

(6.)  If  an  odd  number  be  multiplied  by  an  odd  number, 
the  product  Mill  be  odd. 

For,  let  2a  +  1  and  26  +  1,  be  any  two  odd  numbers. 
Then    will   4a6  +  2a  +  26+]    be  =  to   their   product;    which  is 
evidently  an  odd  number,  as  it  is  not  divisible  by  2. 
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(7.)  It"  an  even  nuiiilM-r  ho  inultiplir«l  hy  anjr  number, 
t itlier  rven  or  odil,  tin*  priKluct  will  Im-  even. 

For,    let  'Jo,  'ib,  bv   any    c«rn    number*,   aitd    3r  »  I    »a   odd 
niiiiil>i>r. 

llii'ii  will  their  produrU  'in  ■  Qh,  and  9a(3c  *  1 )  be  rvidrnllf 
ovfn  nunilH-m,  U-inK  lach  <ii«i»iblc  by  'J. 

Cnr.  An  txlil  mintber  in  not  ilivioibli*  l»y  an  even  numl>er. 

(S.)  If  an  odd  minilMT  bo  divi-iible  by  un  *hU\  niiinlN-r,  lli.- 
quotitiil  will  hr  odii ;  and  if  an  even  nundwr  In-  di\i^iblf  by 
an  odd  niinilier,  the  f|Uotient  will  Ik-  even. 

For,  l*»  o^  ^  ,  -9  :  »*•«•>  *'"  «•  +  '  -<^*  *  '  )»• 
And,  iK'cauM!  'ifl  +  I    and  '2h  *  1   art?  odd  number*,  7  mu«t  atwi 
\w  an  (idit  number.      (  Prop.  (i.  ) 

"<i 
Again,  let  1  "7  5  '''*"  *'"  3o  -C'^*  +  ')  ■  «• 

And,  berauM?  '-'fc  ■»•  J  i»  odd,  and  2a  i»  eren,  f  rou«t  alio  b«  r»eo. 
(  Prop.  7. ) 
(9.)  If  an  odd  number  dividiM?  an  even  nuniln-r,  it  will  al»o 
divide  tlie  lialf  of  it. 

And  since  </  is  an   cren   number  (  Prop.  8.).  J7,  or  ll«   equal 

.  must  be  a  whole  numlter.     ( IX-C  fi. ) 
'Jb  +  I 

(10.)  If  one  number  divides  another,   it  will  aUo  divide 

any  multiple  of  it. 

a 
For,  let  a  -be  any  number  whatever,  and  put  ^  -  ?  ;  '*»«>,  by 

multiplying  each  of  the  tenm  by  «.  the  former  e»pr»«Mon  »  -! 

na 
iKvomc    .   "  «9  •• 

And  since  7  is  a  whole  numlier  (by  hyp.),  m^.  or  iu  equal 

,  ma«t  alio  be  a  whole  numlK-r.      (  A«.  'J. ) 

(II.)  If  a  number  divide  the  whole  of  any  nuiulHT,  anti  a 
iiart  of  if,  it  will  also  «livide  the  remniniuf;  part. 

For,  since  — -     aud      are  each   of   them  the   whole  nuinbcr* 


(by  hyp.), 

m.     U  alto  a  wl 
e     c 
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n  4  fc     A     6  . 

_    m.     a  alto  a  whole  numwr.     i  As.  a. » 
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(12.)  If  a  number  divide  two  other  numbers,  it  will  also 
divide  their  sura  and  difference. 

a  b 

For,   since  -  and-  are  each  of  them  whole  numbers  (by  hyp.), 

a  +b         a  —h 

their  sum  and  difference  and must  be  also  whole  num- 

c  c 

bers.     (Ax.  2.) 
(13.)  The  difference  of  the  squares  of  any  two  numbers 
is  divisible  both  by  their  sum  and  difference. 

a-  —  b'- 
For  (a- —  Z)2)  -^  (a  — 6),  or j-  =  a  +  b. 

a"  —  6- 
And  (a"—h'-)-^(a  +  b),or  ^  =  a  — &. 

(14>.)  The  sum  of  the  cubes  of  any  two  numbers  is  divisible 
bv  the  sum  of  these  numbers ;  and  the  difference  of  their 
cubes  is  divisible  by  the  difference  of  the  numbers.* 

For,  (a3  +  hi)  H-  (a  +  b),  or ^,  =a-  —  ab  +  b'-. 

a^-b'i 

And  (a3  — 6:1) -r  (a  — i),  or  =a-  +  ab  -i-b-. 

\  /        ^  /J  a  —  b 

(15.)  If  a  square  number  divide  a  square  number,  or  a 
cube  a  cube,  &c.,  the  root  will  also  divide  the  root. 

a^  a^  a" 

For, ;— ,  Tx,  and  t~,  are  each  of  them  whole  numbers  fbv  hyp.)  ; 
o      b-*  0"  \  .      J  L  /  ' 

Whence    r  must  also  be  a  whole  number,  or  otherwise  whole 

0 

numbers,  multiplied  by  whole  numbers,  would  not  produce  whole 
numbers. 

Co?:  Since  10  is  divisible  by  2  and  by  5  ;  10"  is  divisible 
by  2"  and  5". 

(16.)  The  product  of  two  square  numbers  is  a  square  num- 
ber, and  the  product  of  two  cube  numbers  is  a  cube  number, 

&c. 

Thus,  a-  X  a°=a^,  the  square  root  of  which  is  a^. 


*  a"  +  &"    is  divisible  by    a  +  b,    when  n    is    any  odd  number;     and 
a"  — 6"  is  divisible  by  a  4  6,  when  n  is  an  even  number. 

Also  a"  — 6"  is   divisible  by  a  — i,  when  n  is  any  whole  number  what- 
ever.   Thus, r-  =  a"  "  1  +  ha"--  -t-  b-a"  -  3  +  b^a"  -  ■*  .  .  b" —-^a +  b''- K 

a  —  b 
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And  a'  K  a^  mu*,  thv  rube  ruo(  of  which  it  a  . 
AIk)  a"  ■  «•  -a';  the  nth  riiol  of  which  i*  a*. 

Cor.   Kvfry  powrr  of  a  *«|uiirf  iuiiiiImt  i»  a  »i|imre  nutnbrr. 
and  I'vrry  powtT  of  a  culic-  iiiiiiiIht  is  a  cuLms  Ac. 

Hut  till-  product  of  a  .<t(|uan>  ur  a  culio,  liy  a  iiunilN-r  lluit  in 
iiui  a  Mjuarc,  or  a  cube,  can  never  he  u  »<|uare,  or  a  cube,  Ac. 
(17.)  The  sum  of  tuu  nun)lMT»,  ditTerin);  by  unity,  U  equal 
to  tlie  diH'eretJce  o(  their  sipiares. 

Let  <i  antl  a  *  I  (k-  ihi-  Ivo  iiumlirT*. 

'nifn".'«i  +  I  <^%um:aniiv<>  ■*■  I)'- a*- «•♦£«♦  I— •*«9a^l  — 
cltfti-retirv  of  their  Mjiuirv^ 

Cur.  The  diH'en  nces  of  the  »quare»,  0-,  I-*,  2?,  V,  4^,  5', 
^e.  are  the  mid  nuujU'rs,  I.  3,  5,  7,  5>.  Ac. 

(  IM.)  If  an  odd  number  (a)  l>e  prime  to  any  other  nutnbir 
(&),  it  vill  al>o  be  prime  to  the  double  of  it  ('2b). 

For  iio  wci;  ' ■■  - i...  .1.  ..    <■-.-    !'.....    -    ■■    ....I  •...»  .-I 

nuiiilxT  tliat  ' 

In   this  c.i     ,  . 

othiT,  which  is  concrnrY  to  liiv  hy|>oiiii-MV 

(19.)  If  each  of  two  nund>ers  (a,  b)  be  prime  toa  third,  r. 
their  product  («A)  will  al.so  be  prime  to  c. 

For  if  not,    let  d  be    a    prinu-    ilisivor   of  at>   atui    r,    aiiJ    i  ut 

ot>  .  .  u     ■ 

,  "■  ;  \n  which  CEie  j™»  " 

Then,  bccauw  d  cannot  be  a  diviMr  o(  a  or  b,  kincv  ibey  *»t 


each  prime  to  r,    .  will  be  a  fraction  in  ita  lowmt  tcrTn%. 

Anr 
and  b. 


.And  if  .  U  not  w>,  let  if  be  the  greatest  common  diriwr  of  ■ 


Tlicn,  since  :;-.--.-■«  the  firrt  and  laat  of  theae  ft»eti«i>' 
a      o      or       r 

must  be  identical,  as  they  arc  lx>th  irreducible. 

Heme    we  have    a^r,  and  d  — -';  and  b'-tTr^miW,  Of  j^"'» 

a  whole  numlier,  which  U  absurd ;  aince  d  has  been  abown  no»  to 
be  a  divisor  of  b. 

niercfore,  if  a  and  b  Iks  each  prime  to  r,  ak  will  alao  b»  prime 
to  r. 

(20.)  If  one  number  (rt)  be  prime  to  another  (A),  it»  »quan- 
(a),  rube  («"').  or  any  other  power,  will  al»o  be  prime  to  it. 

l-'ur,  siiii-e  (1  and  b  have  no  common  factor, 

Jsciti  r  aM,  nor  b,  can  ha»c  a  common  Csetor  : 

foi,  .7  must  Ik-  prime*;  and  the  »*n.«  will  lioUl 

for  an)  .^   ^  •  j >  r. 

M    3 
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(21.)  If  two  numbers  (a  and  b)  be  prime  to  each  other, 
their  sum  (a  +  b)  will  also  be  prime  to  either  of  them. 

For,  if  not,  let  d  he  the  common  divisor  of  a  and  a  +  b  ;  then  it 
will  also  divide  the  remaining  part  b.    (Prop.  11.) 

Hence  the  number  a  would  not  be  prime  to  b,  which  is  con- 
trary to  the  hypothesis. 

Cor.  If  a  number  (a  +  b)  be  prime  to  one  of  its  parts  (o), 
it  will  also  be  prime  to  the  remaining  part  (b). 

(22.)  If  ?«  be  made  to  represent  any  of  the  natural  numbers, 
1,  2,  3,  4,  5,  &c.,  then  will  6n  —  l  and  6ti  +  l  constitute  a 
series  w^hich  contains  all  the  prime  numbers  above  3. 

Thus,  if  1,  2,  3,  5,  7,  &c.  be  substituted  for  n,  we  shall  have 
5,  7,  11,  13,  17,  19,  29,  31,  41,  43,  &c.  prime  numbers. 

But  it  must  be  observed,  that  neither  6n  —  l  nor  6n+l  are 
always  prime  numbers,  nor  has  any  general  expression  yet  been 
found  that  answers  this  purpose.* 

(23.)  All  the  powers  of  any  number  ending  in  5  will  end 
in  5  ;  and  if  a  number  end  in  6,  all  its  powers  will  end  in  6. 
For  5  X  5  =  25  ;  and  6x6  =  36,  and  so  on. 

(24-.)  Every  square  number  ends  with  one  of  the  figures, 
1,  4,  5,  6,  or  9 ;  or  with  an  even  number  of  ciphers,  preceded 
by  cue  of  these  figures. 

This  will  appear  by  squaring  all  the  natural  numbers  to  10. 
And  from  the  same  proposition   it   follows,   that   no  number 
ending  with  2,  3,  7,  or  8,  can  be  a  square. 

(25.)  A  cube  number  may  end  with  any  of  the  natural 
numbers,  1,  2,  3,  4,  5,  6,  7,  8,  9,  or  0. 

This  will,  likewise,  appear  by  cubing  those  numbers. 
Cor.  There  is  no  such  thing  as  the  exact  square  root  of  2, 
,3,  5,  6,  7,  8,  10,  &c.,  nor  the  exact  cube  root  of  2,  3,  4,  5,  6, 
7,  9,  &c. ;  these  being  called  surds,  or  irrational  numbers. 

(26.)  Any  even  square  number  is  divisible  by  4,  and  any 
even  cube  number  by  8. 

For,  since  the  square  and  cube  are  both  even  (by  hyp.)  the 
root  must  be  even  ;  (Prop.  7.) 

Let,  therefore,  2n.  be  that  root  ;  then  4n-  is  the  square  of  it,  and 
8«3  its  cube,  which  are  evidently  divisible  by  4  and  8. 

*  All  prime  numbers,  except  2,  are  odd,  and  have  1,  3,  7,  or  9,  in 
the  place  of  units,  2  and  5  is  excepted. 

The  greatest  prime  number  known  at  present  is  2"  —  1,  or  2147483647, 
which  was  discovered  bv  Eukr. 
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(27.)  An  odd  M|uar(>  numl>cr,   when  dividnl  by  ♦,  will 

leave  :i  remainder  of  1. 

For,  since  tt>«  ruot  uT  an  odd  •quant  numtirr  i«  odd  ( IV 
Irt  'Jm  «■  I  bv  titat  ruot ;  then  it«  M|u«rv  4m'  -f  4a  ♦  I,  Uring  iIm  >.:oJ 
by  4,  Icavw  I.* 

('is.)  All  square  nuniherx  are  of  one  of  tlic  form*  in,  or 
4/<  T  1  :  "  being  any  >«iioie  nuniiNT  wliatevir. 

For  tho  root*  of  all  cvrn  vjuarr*  arc  of  ll»c  form  tfa  (  Prop.  7.  >. 
and  cunMt|uvntly  thrir  ^|UAr\-«  arc  of  the  form  -ia',  or  4a  i 

Also  the  roots  of  all  odd  Mjuarr*  are  of  Ihv  furin  'Jm  ^  I  (tVop. 
6.)   and  tlivriTori*  their  Mjiiarvn  ar«  of  the  form  ■!■•'  •  4a  «  I. 

.And  a.<  thin  quaniity,  « lien  divi<lrd  liv  4,  K-a«r»  a  rvmaitMlvr  of 
I,  it  Li  evident  that  all  odd  M|iurt.>«  .nrc  of  the  fonu  4a  '>-  1. 

Cor.  If  any  number,  when  divided  by  4,  leaves  a  remainder 
of  'J  or  8,  that  number  cannot  bo  a  square. 

(29.)  No  st|uare  number  can  U'  containetl  under  the  form 

ot  aiiv  repeating  digit. 

For,  since  it  haa  been  ahown,  in  I'rop.  -^4.,  that  no  sqiMrv 
niiinher  can  end  in  '.',  3,  7,  or  8,  therefore  no  repctctMi  of  these 
nunilK-n  can  lie  a  square 

.And  iK-oauMj  any  number  of  I's  or  S\  divided  by  4.  leave*  J  ft»f 
a  remainder,  a  re|K'tend  of  this  kind  cannot  be  a  square. 

.Also,  becan^  any  nir 
for  a  remaincJer,  theri't'or 

And   ^ince  every  re|Ki.. t  ...     ,,.. 

units  multiplietl   by  4  or  «.»,  every  such  numUr 

the   priwluct  of  two   Cu-lors   one  of  which    is    . 

other  not  ;   therefore   in   this  caae,  also,  the   product   c«iiiK>t   U.-  * 

»4juarr. 

Ilonce  no  re|Ktend  of  any  di^it  U  stjuarr. 

(80.)  If,  then,  M  ia."»t  tligiU  of  any  numlx-r  be  divisiMe  b\ 
2",  tiie  number  itself  is  divisible  by  2". 

For  any  number   wli..v  I  under  if»e  i.  nn 

u  X  1<>*  -r  llie  uuinU'r  v\\  '•» 

■       .   since  lO'    l^   ..  '■'■■■    '      '    ■'    * 

I  .  trlieu  the  M  last  >l 

it  ...  ,  .      .J  r  the  uumlMT  i\ 
divisible  by  S". 


•    II    nxay    Ik-   here  further   remarkesl.   that   a  square  number   u- 
end  witli  an  odd  numlier  of  cipherv 

.\ls»j,  if  tlie  Ust  fij(ure  of  a  stjuarv  numNr  b.-  • 
but   one   will    Ik-   an   even   number  ;   and    if  th. 
number,  tlie  Ust  but  one  will  be  odil,  eseept  whc"  u  '• 

M    4 


Ik-    an 
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Cor.  Hence,  if  the  two  last  digits  of  any  number  be  divi- 
sible by  4,  the  number  itself  is  divisible  by  4;  also  if  the 
three  last  digits  be  divisible  by  8,  the  number  itself  is  divi- 
sible by  8  ;  and  so  on. 

(31.)  If  the  sum  of  the  digits  of  any  number  be  divisible 
by  3  or  9,  the  number  itself  will  be  divisible  by  3  or  9. 

This  has  been  shown  in  the  former  part  of  the  work  ;  but  it 
may  be  proved  otlierwise,  thus  : 

Any  number  may  be  expressed  by  the  form   alO"  + 610""~  ^  + 

clO"  ~ -  + dlO"  -  3j  &{. ^  10"—",  where  a,  h,  c,  d,  SiC. 

are  the  digits  of  which  the  number  is  composed. 

And  since  every  power  of  10,  when  divided  by  3  or  9,  leaves  1 
for  a  remainder,  it  is  evident  that  the  number  itself,  when  so 
divided,  will  leave  the  same  rem.ainder  as  the  sum  of  its  digits 
(^a  +  b  +e+  d,  &c r). 

(32.)  A  number  is  divisible  by  11,  when  the  sum  of  the 
1st,  3d,  5th,  &c.  digits  is  equal  to  the  sum  of  the  2d,  4th, 
6th,  &C.  digits. 

For,  let  a,  b,  c,  d,  e,  &.C.  represent  the  digits  of  which  any 
number  is  composed. 

Then  this  number  may  be  expressed  by  alO"  +  610"~  ^ + 
clO"  -2  +  dlO"-3  +  eio»-  4,  &c. 

And  since  all  even  powers  of  10,  when  divided  by  11,  leave  +  1 
for  a  remainder,  it  is  evident  that  the  sum  of  all  the  even  terms  in 
the  above  form,  when  so  divided,  will  leave  the  same  remainder  as 
the  sum  of  the  digits  belonging  to  those  terms. 

Also,  all  odd  powers  of  10,  when  divided  by  1 1,  leave  —  1  for 
remainder  ;  whence,  the  sum  of  the  odd  terms,  in  the  above  form, 
when  so  divided,  will  also  leave  the  same  remainder  as  the  sum  of 
the  digits  belonging  to  them. 

But,  as  this  latter  remainder  is  negative,  and  the  former  positive, 
they  will  mutually  destroy  each  other,  when  their  sums  are  equal ; 
that  is,  when  the  sum  of  the  digits  in  the  even  places  is  equal  to 
the  sum  of  those  in  the  odd  places. 

Consequently,  the  number  itself,  in  that  case,  is  divisible  by  11. 

(33.)  If  a  number  be  not  divisible  by  some  number,  which 
is  either  equal  to  or  less  than  its  square  root,  it  is  a  prime 
number,  or  one  that  has  no  divisor. 

For  every  number  that  is  divisible  by  another  must  consist  of 
two  factors,  one  of  which  is  the  divisor  and  the  other  the  quotient. 

And  as  one  of  these  must  be  equal  to  or  less  than  the  square 
root  of  the  proposed  number,  and  the  other  equal  to  or  greater 
than  that  root,  it  is  plain  that  if  the  number  cannot  be  divided  by 
the  former  of  these,  it  caimot  be  divided  by  the  latter. 
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To  tlitt  wo  inay  adtl,  thai  it  will  t>nly  \*e  ntcrm»rj  !•>  try  iK* 
(liviitioii  by  llio  kwcrml  priiiiv  niimbrrv  u)i  lu  iIh-  M|uafr  ruiH  uC 
Ihi-  givi-ii  iiuiiiIht  ;   fur  if  it  l><     '  l>rr,  it 

i<  i-\  idiMitly  bIm)  ili\i«ililc  liy  t  ,  r. 

(\)r.  Ili'iirt'  if  n  iiuiiibiT  s  U  ii..i  .n*!-!..!.  ..»  .iii»  >i(  ihr 
priine  iiuiiibtrs  that  are  equal  to  or  \vm  than  ^'  n,  k  is  a  prime 
mjinl)cr. 

(3I-.)  Tht*  nunibcr  of  factors  or  divisons  of  any  givm 
mimltcr,  may  lu'  found  nn  follows: 

Diviilu  the  nuiiiltor,  and  Ihv  «r«rr«l  quoltritt*  lh«i  mrvtc,  by  'J, 

&<t  ohvn  ■«  can  Ik-  (' •'    •    •'      '     ■  •       •   '  •  -    •'.■  tmtnv 

iiiaiiiicr  ;  aiiii  «o  oi  ii«r«  5. 

7.  ll,\c.  till  llic  .;  .1  l«t>CAll 

tho  ptimc  civiMjr^  of  the  pivi-n  number. 

And  if  i"Vi-ry  two,   tvcry  tJirr^-.   cTrrr  fntir,  .\r.   of  thp  •rrrnl 
fipurir*  inailc  um;  of,  Ik*  niulti; 
the  cuni|M)und  di%L<M>r«  ;   whic!  . 
all  the  divistirn  <if  tin-  fpvcn  nniiil>>  r. 

Thus  if  it  wiTv  rii|uirvd  to  find  all  the  di«iaor^  oTSSO^  wr  U>.all 
have,  t>v  the  rule, 

SfiO  I   IH4)  I  !>0  I  -45  I   15  I  J  I 
wlu-ii  '2,  9,  and  5  arv  the  printc  diviJMirt  itf  ■AW  ; 

And  if  the  product*  of  every  two,  rvrry  three,  he.  at  thm 
nunilx-n  '2,  -2,  '.',  3,  H,  and  3,  nlioVv>  u*v<l.  lie  ukco,  v«  ilull 
have,  when  they  arv  united  to  the  fonncr. 

1,  •-'.  3,' 4.  5,  (i,  K,  9.  10.  V2,  15,  !  <\ 

36,  AO,  -tr,,  (;o.  Ti.  ;k),  I'.'O,  is   . 
whicli  arc  all  tlie  divisor*  of  :'.»;o  ;  brinft  '.'1  m  iu.ii;ii<'r. 

Scholium.  It  ii  evident,  from  the  altove  problem,  llial  any 
nunilK-r  x  may  \tv  exprwunl  l)y  tlie  form  tf".  4»,  c*,  «^,  &c  ; 
vt'here  a,  b,  c,  e/,  I've,  ore  its  prime  tictorv 

And  it  can  tn-  -ihown  tlut  the  numltcr  of  il«  di«i»or»  i«  n- 
pressed  by  the  formula. 

(»+  1)  (a+I)  (r+l)  ft+»>ftr 
Also  all  the  diviMjr*  of  M  may  Ik- 
(1  -f  a  f  a-  -f  u*  he.   to  a")  (i  ♦*  ♦  ' 

f')     (I    +«/♦■</'   &C.     t  ■  .-.liMi^J 

the  manner  of  c<>!  a  ion   in  .\' 

the  wvcral  tcrnm  •>:  ..  ■   , 

(.'5.3.)  The  sum  of  any  iiuhiImt  of  coiisecutire  rul»e»,  l>c- 
giniiiiig  with  unity,  is  h  square,  the  root  •■'  \«f'"  1-  >•  ••.mil  in 
the  sum  «if  tlie  roots  of  the  cuIh'.s.* 

•  It  has  l>cvn  ahown  by  Evi.ca.  L*c(»par,  and  utber  wnlcrt  on 
the  DiophantiiK*  Alpebia,  that  neither  the  turn  nor  ibc  ditHrtrnre  of  two 
ciibo  ear>  Ik-  a  culie  ;  nor  the  aum  nor  tlie  dilTcrroce  of  l«o  iKqiMilirtrK 

a  l)ii|u.iilr.ite. 
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For  the  sum  of  the  series  P  +  23  +  33  &c w3,  is  shown,  by 

the  writers  on  algebra,   to  be  equal  to =  I I  "' 

71- +  w 

and  — ~  =1+2  +  3  +  4+   &e.  to  n,  as  was  to  be  proved. 

(36.)  If  n  be  made  to  denote  any  number  whatever,  then 
(2"  —  1)2"  —  ^  is  a  perfect  number,  whenever  2"  —  1  is  a  prime 
number. 

The  proof  of  this  is  easily  deduced  from  Euclid's  Elements, 
(B.  IX.  last  Prop.)  where  it  is  shown,  that  if  the  geometrical 
series,  1,  2,  4,  S,  16,  32,  &c.  be  continued  to  such  a  number  of 
terms  as  that  their  sum  shall  be  a  prime  number,  then  the  pro- 
duct of  this  sum  by  the  last  term  of  the  series  will  be  a  perfect 
number. 

That  is,  since  1  +  2  +  22  +  23  x  2+ +  23  &c to2"-i  is  =  2"-I, 

it  follows  that  (2"  — 1)2"-  i  is  a  perfect  number,  whenever  2"— 1 
is  a  prime  number. 

Note.  The  first  eight  perfect  numbers,  with  their  factors  and 

products,  are  as  below  ;  being  all  that  are  known  at  present. 

6  -  -  -  -  (22  -1)2 

28  -  -  -  -  (2-  -1)2- 

496         -  -  -  .  (2-^  —1)2-' 

8128       -  ...  -  (27  -1)26 

33550336  -  -  -  (2'-3- 1)2^2 

8589869056        -  -  -  (2i7_i)2i6 

137438691328    -  -  -  (2!^-l)2-S' 

2305843008139952128  -  -  (2^i- 1)230 

(37.)  If  a  beput=2,  and  n  be  some  integer  number,  such 

that  3«"  — 1,  6a"- 1,  and  18a-"  — 1,  are  all  prime  numbers, 

then  (18a-"  —  1)  X  2o"will  be  one  of  two  amicable  numbers,  of 

which  the  sum  of  the  aliquot  parts  of  one  will  be  equal  to  the 

other. 

This  property  is  demonstrated  by  Schooten,  sect.  9.  of 
his  Exercitationes  Mathematics,  who  also  gave  the  three 
following  pairs  of  these  numbers  : 

220  and  284 

17296  and  18416 

9363584  and  9437056. 

But  EuLER,  whose  attention  Mas  directed  to  almost  every 
subject  of  an  analytical  investigation,  has  given  a  table  of  63 
pairs  of  amicable  numbers,  in  a  miscellaneous  tract,  pub- 
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UsImmI  111  17.50;  wliirh  may  In-  all  *««ii  in  thi-  A|>jM"mli»  (a 
Leyholiin'.s  |)iili|i(ntinti  ot  llic  Matluiiiatiml  (^u.»tii.ri»  pro- 
Jit)s«'il  in  tin-  iMiiies'  Ihaiy. 

( :1H. )  ICvrry  iiuiiiImt  is  fitlii-r  a  .<M|iian*,  or  the  dumi  of  Iwo, 
tlirt»',  or  four  Miuurcn. 

77iM.«  .5-4+1,  30=25+4+1,63=49  +  9+4  +  1 
or,  :{G  +  'J.5+1 +  1. 

Tills  euriuus  proprrty  lia.-*  Utii  (Iciiinnntnitiil  grrifrallv  bv 
Ellkh,  L.\ciRANOK,  Lk(.kni>hk,  nitd  «itliim;  and  Ulfly,  in  n 

manner  peculiar  In  liini<teir,  by  (tAt'iis.  a  (ierman  '•    •     ' 

considerable   reputation,   in  a  work  cntitleil   />i. 
Arithmctictt ;  which  ha.H since  Ih-i-u  translated  into  1  iimn  nv 
M.  PoLLLET  I)i:Lt.sLK.    The  inv«>stigati<in,  however.  i<k  of  too 
ab>truct  a  nature  to  be  inserted  in  a  work  like  the  pn-M-'tiL 


^iitlnnrtiral  Krrrrntiono, 

CUN>1.STIN(;  OF  A  hKI.ICr  <  OI.I.K  I  ION  OK  SOMK  OF  THE 
MOST  CUKIOU.s  AND  ESTEKTAIM.Ml  Ut'CSTlUN!*  HELAT- 
INt;    TO    Nl'MBKRS.* 

(1.)  What  is  i  the  tpiarter  of? 

12.)  If  the  third  of  <i  be  X  what  must  the  fourth  of  'JO  be  ? 

(3.)  If  the  half  of  .5  be  7,  what  part  of  9  will  b*-  11? 

(\.)  I'lace  four  9"s  so  that  their  sum  shall  be  1(X). 

(5.)  Place  four  .5's  so  that  their  "iuin  >hall  be  G^. 

^6.)  What  part  of  three-pence  is  a  thiid  part  of  twopence  ? 

(7. )  If  a   herrinu  and  a  half  cost  three  halfpence,   how 
many  can  be  had  for  a  shilling  ? 

(h. )  John  was  burn  when  Thomas  wa.H  IH  yeareof  age: 
how  old  will    Thomajt  be  when  Jolm  is  7-? 

(\\.)  If  rj apples  be  worth  as  mucii  as  *J I  |H*ar», and  3 pean 
cost  a  penny  ;  what  is  the  price  «)f  KX)  apples? 

(  10.)  Place  till-  *)  (li;;its  in  two  iliHerent  ways,  so  that,  in 
one  citse,  their  sum  shall  Im>  17.  and  in  the  other  31. 

(II.)  Fifteen  years  ago  I  was  three  litneA  vl»  old  as  lujr  eldr»t 

'  TbviM!  <iur%lioii«,  b«iiig  chioflj  ilr«i);»c<l  lu  riritr  Itw  allrttlMin  aimI 
...11  fiirth  the  •l»iliti«-»  of  voiinK  |>vrM>ii%.  arc  purponrly  IcA  will»o«« 
answi'i%  ;  »A  the  MH-iiig  till-  iv»uli«,  in  c**c»  of  lb**  kiad.  wwwmly 
o|Knitcs  M  •  clMBvk  to  may  further  curioMiy. 
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son,  but  am  now  onh'  twice  as  old  ;  what  are  our  present 
ages  ? 

(12.)  It  is  required  to  find  such  a  number  that  9  shall  be 
two  thirds  of  it. 

(13.)  What  number  is  that,  the  third  and  fourth  parts  of 
which,  taken  together,  is  24^  ? 

(li.)  It  is  required  to  find  four  such  weights,  as  will  weigh 
any  number  of  pounds,  from  1  lb.  to  40  lbs. 

(15.)  Place  the  9  digits  so  that  the  sum  of  the  odd  digits 
shall  be  equal  to  the  sum  of  the  even  ones. 

(16.)  A  snail,  in  going  up  a  maypole,  20feet  high,  ascended 
8  feet  every  day,  and  came  down  again  4  feet  every  night : 
how  long  would  it  be  in  getting  to  the  top  of  the  pole  ? 

(17.)  A  Cheshire  cheese,  being  put  into  one  of  the  scales 
of  a  false  balance,  was  found  to  weigh  16  lbs.;  and  when  put 
into  the  other  only  9  lbs  ;  what  was  its  true  weight  ?       /;  '/- 

(18.)  A  company  at  a  tavern  spent  7/.  4*.,  and  each  of 
them  had  as  many  shillings  to  pay  as  there  were  persons  in 
company:  how  many  persons  were  there? 

(19.)  A  hundred  hurdles  may  be  so  placed  as  to  enclose 
200  sheep,  and  with  two  hurdles  more  the  fold  may  be  made 
to  hold  400 ;  how  is  this  to  be  done  ? 

(20.)  How  must  a  board  that  is  16  inches  long  and  9 
inches  bioad  be  cut  into  two  such  parts,  that  when  they  are 
joined  together,  they  shall  form  a  square? 

(21.)  A  market-woman  being  asked  how  many  eggs  she 
had  in  her  basket ;  said.  If  I  had  as  many  more,  half  as  many 
more,  and  thirteen  eggs  and  a  half,  I  should  have  136  :  how 
many  had  she  ? 

(22.)  A  person  left  100/.  to  be  distributed  among  three 
poor  widows,  desiring  that  the  shares  of  the  eldest,  the  middle- 
aged  one,  and  the  youngest,  should  be  in  the  proportion  of 
^,  ^,  and  ^  :  how  is  this  to  be  divided  between  them  ? 

(23.)  AnIndian  gardener  being  desirous  of  presentingabas- 
ket  of  oranges,  of  a  peculiar  quality,  to  the  Nawab,  had  seven 
gates  to  pass  before  he  could  reach  the  audience  chamber  ;  at 
the  firstof  which  he  was  obliged  to  give  half  the  number  he  had 
to  the  porter,  at  the  second  half  what  remained,  and  so  on  ; 
when,  at  length,  coming  into  the  presence  of  the  prince,  he 
found  he  had  only  one  orange  left ;  how  many  had  he  at  first  ? 

(24.)  A  person  having  an  8-gallon  bottle  of  choice  wine, 
wishes  to  part  it  equally  between  two  friends,  but  has  nothing 


ARITHMETICAL     RKCRKATIONS.  QSi 

but  a  .j-callon  hotili-  and  a  3-^allon  hottlt-  to  nica.*urr  it  with  ; 
now,  with  tliejM?  3  bottles  only,  liow  can  this  lie  clone  ? 

(25.)  Seven  out  of  21  bottlen  iM'ing  full  of  wino.  7  half  full. 
and  7  ompty.  it  U  n'(]uirrd  to  di»triluiti'  thtni  i 
\  80  that  each  person  shull  have  the  -anie(|uaiit  .  I 

the  same  number  of  UittlcH. 

('2(1)  Siipposintj  there  are  more  |>erson<i  in  the  world  than 
any  one  of  then)  has  hair^  ujwn  his  head,  it  then  follows  ua  ^ 
neces.sary  c<»nse(jiicnee,  that  sonii'  two  of  thejM-,  at  leiut,  niu<»t 
have  exactly  ilie  same  nundx  r  of  hairs  on  their  head*,  to  a 
liair;  re(|uire(i  the  proof? 

('27.)  Three  persc»ns  bought  a  ipiantity  of  *upar,  weighing 
.)!  If)?,  which  they  wish  to  part  e«|ually  iNtwcen  them,  but 
having  only  a  I- 11).  weight  and  a  7  lb.  weight,  it  is  required 
to  find  how  this  can  bo  done? 

(28.)  A  dishonest  butler  stole  ever)*  day,  from  hin  master** 
rtllar,  a  quart  of  wine  fn)m  a  particular  ca-nk,  contaiii'  ''  A- 
lons,  and  sup])lie(l  its  plac*-  »ach  lime  with  an  etp;  -v 

of  water  ;  when  at  the  end  of  MO  days  the  theft  was  di-iuv.  r.  d. 
and  tlie  butler  discharged  :  what  (ptanlity  of  wine  <lid  he  rob 
his  master  of,  and  how  much  remain<-d  in  the  cask  ? 

(2*».)  A  gentleman  l.ft  by  will  1 1  .(XX)/.  bitwren  his  widow. 
two  sons,  and  three  daughters,  din'cting  that  the  mother 
should  have  double  the  >hare  of  a  son,  and  a  son  double  the 
share  uf  a  daughter:  how  is  this  to  be  divided? 

(30.)  A  person  being  a/ked  what  o'clock  it  was,  said,  It  U 
exactly  between  S  and  9,  and  the  hour  anil  n)inute  hands  are 
together:   what  was  the  time  ? 

(31.)  How  must  the  nine  digits  I,  2,  3,  4,  .5,  6,  7.  *^  9.  h«« 
placed  in  the  form  of  a  s«|uare,  so  that  u  hen  reckon.  '-. 

downwards,  horizontally,  and  diagonally,  the  sum  '  v« 

shall  be  1.5? 

(32.)  I  oweuiy  friend  a  shilliQ&  and  as  he  has  notliiv.::  .iliont 
him  but  louis-d'ors  worth  17<.  rach,  and  I  hiw-  i  .1 

guim-iLs  worth  21. «,  each,  it  is  re«|uired  to  tind  I;  \- 

ehange  lH>tweeii  us  must  bo  managed,  so  that  I  may  just  ac- 
ijuit  njyself  of  the  d»'bl  ? 

(33.)  The  eldest  of  three  sisters  having  'A)  egg*  to  li 
of,  the  next  30,  and  the  young(>s!  10,  thry  so  contrive  «:,  ;.... 
each  of  them  sold  their  eggs  at  the  same  rate,  and  esrh  got 
the  same  sum  of  monev  for  them  :  how  was  this  done  ? 
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(34'.)  Being  desirous  of  planting  2000  elms  in  15  rows,  so 
that  the  trees  in  each  row  may  be  20  feet  asunder :  I  desire 
to  know  how  long  the  grove  will  be  ? 

(35.)  Supposing  26  hurdles  can  be  placed  in  a  rectangular 
form,  so  as  to  enclose  40  square  yards  of  ground,  how  can  they 
be  placed,  when  two  of  them  are  taken  away,  so  as  to  enclose 
120  square  yards  ? 

(36.)  A  general,  after  a  battle,  found,  upon  reviewing  his 
troops,  that  a  third  part  of  them  had  been  killed,  a  fourth 
part  taken  prisoners,  and  a  fifth  part  had  run  away ;  so  that 
he  had  only  1300  men  left :  how  many  had  he  at  first  ? 

(37.)  Three  men,  having  each  an  equal  number  of  oranges, 
were  met  by  nine  women,  who  asked  for  some  of  them  ;  upon 
which  each  man  having  given  to  each  of  the  women  the  same 
number,  it  was  found  that  both  men  and  women  had  now 
equal  shares  :  how  many  had  the  men  at  first  ? 

(38.)  A  gentleman  gave  to  the  first  of  three  poor  persons 
that  he  met  half  the  number  of  shillings  he  had  about  him, 
and  one  shilling  more ;  to  the  second  half  what  remained 
anfl  two  shillings  more ;  and  to  the  third  half  what  noAv  re- 
mained and  three  shillings  more,  after  which  he  found  he 
had  only  one  shilling  left ;  how  many  of  them  had  he  at  first? 

(39.)  A  mule  and  an  ass  travelling  together,  the  ass  began 
to  complain  that  her  burden  was  too  heavy.  "  Lazy  animal," 
said  the  mule,  "  you  have  little  reason  to  grumble ;  for  if  I 
take  one  of  your  bags,  I  shall  have  twice  as  many  as  you, 
and  if  I  give  you  one  of  mine,  we  shall  then  have  only  an 
equal  number;  "  with  how  many  bags  were  each  loaded? 

(40.)  The  sum  of  212/.  145.  Id.  is  to  be  divided  among  a 
captain,  four  men,  and  a  boy  ;  the  captain  is  to  have  a  share 
and  a  half,  the  men  each  a  share,  and  the  boy  half  a  share : 
what  ought  each  person  to  receive? 

(41.)  A  person  has  a  fox,  a  goose,  and  a  peck  of  oats,  to 
carry  over  a  river ;  but  on  account  of  the  smallness  of  the 
boat,  he  can  only  transport  them  one  at  a  time  :  now  how 
can  this  be  done,  so  as  not  to  leave  the  fox  with  the  goose, 
nor  the  goose  with  the  oats  ? 

(42.)  A  square  convent  has  a  cell  in  each  of  its  sides,  and 
one  in  each  corner  ;  in  what  manner  may  a  number  of  nuns 
be  disposed  of  in  them,  so  that  a  blind  abbess,  who  occupies 
a  cell  in  the  centre,  shall  always  find,  whenever  she  visits 
them,  9  in  each  row,  and   yet  some  of  them  may  have  gone 
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«)Ut,  or  a   r«'rtaiii   numbi-r  (if  wonii-n  may  have  licfn   intn>- 
duccil,  so  a,«»  to  vary  the  nuiiilirr  from  'J()  to  S'i? 

(43.)  A  party  of  soltliors,  consistinp  of  40  men,  having 
been  (piarterfd  in  a  rrrtain  jlistrirt,  where  they  ha<l  n-nileml 
thenistlvrs  odious  by  thrft  and  oiitrapcoiis  conduct,  the  com- 
maixiing  officer  was  deteriuimit  to  have  every  tenth  man 
shot,  as  a  terror  to  the  rest  of  the  army  ;  hut  knowing;,  from 
their  general  ehanieters,  which  of  them  liad  In-in  the  hng- 
Iea(hrs  desires  to  In-  informed  how  they  mav  \n'  placed  in  a 
circular  manner,  so  that  by  taking  evrry  tenth  of  them  in 
succession,  the  lot  may  fall  upon  the  m«)«tt  culpable. 

(44.)  Three  jealous  husbands  and  tin  ir  wiv***  having  to 
cross  a  river  find  a  boat  without  its  owner,  which  can  only 
carry  two  persons  at  a  time  :  in  what  manner,  then,  can 
these  six  persotis  transport  themselves  over,  by  pair*,  »o  that 
none  of  the  uomen  shall  b*-  left  in  company  with  any  of  the 
men,  except  when  lur  husband  is  present? 

(4a  )  A  person  having  by  accident  broken  a  basket  of  egg^ 
offered  to  pay  for  them  upon  the  spot,  if  the  owner  could  tell 
how  many  he  had;  to  which  he  r(*|)lird.  that  he  only  knew 
there  were  between  50  and  100,  and  that  when  he  counted 
them  by  2*3  aiul  'Ss  at  a  time  none  remained  ;  but  when  he 
counted  them  by  .')  at  a  time,  there  were  b  remaining :  how 
many  eggs  had  he  ? 

(4().)  A  poor  woman  carrying  a  l>asket  of  apples,  wan  met 
bv  3  boys,  the  fii-st  of  «hom  bought  half  of  what  she  hail, 
and  then  gave  her  back  10;  the  second  bought  a  thiid  of 
whit  remaineii  and  gave  her  back  'J;  and  the  third  iMuight 
half  of  what  she  had  now  left  and  n-turned  her  1;  ■.•.''.■;■ 
which  sh(>  found  she  had  I 'J  apples  remaining  :  what  nui..  -  . 
had  she  at  first?  ^ 

(  tT.)  A  market-woman  bought  I'JO  apple*  at  2  a  prnnr, 
and  I'iO  nmre,  of  another  sort,  at  3  a  penny  ;  but  not  liking 
her  bargain,  she  mixi-d  them  together,  and  »old  them  out 
again  at  5  for  lwo-p»-nce,  thinking  she  should  get  the  »ame 
sum ;  but  on  counting  her  nioney.  she  found  to  her  »uq»ri»«', 
that  she  had  lost  four-jx-nce :   how  did  this  hnp|M-n  ? 

(4S.)  A  jHTMin  Ikiught  KK)  animals,  consisting  of  ralvr*, 
pigs,  and  geese,  for  KXV. ;  the  calves  cost  him  5/.  a  pit  e.-, 
the  pigs  1/.  a  piece,  ami  the  geese  a  crown  a  piece ;  bow 
inanv  of  each  sort  di«i  he  buy  ? 

(Ii>.)    Two  travellers,  one  of  whom  had  with  hiro  fit e  bottle* 
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of  wine,  and  the  other  three,  were  joined  by  a  third  person, 
who,  after  the  wine  was  drunk,  left  8*.  for  his  just  share  of 
it :  how  is  this  to  be  divided  between  the  other  two  ? 

(50.)  A  person  went  out  with  a  certain  number  of  guineas 
about  him,  in  order  to  purchase  necessaries  at  different  shops  ; 
at  the  first  of  these  he  expended  half  the  number  he  had  and 
half  a  guinea  more  ;  at  the  second  half  the  remainder  and 
half  a  guinea  more ;  and  so  on  at  a  third  and  fourth  shop ; 
at  the  last  of  which,  having  paid  for  his  articles,  he  found  he 
had  laid  out  all  his  money  :  how  much  had  he  at  first  ? 

(51.)  A  rajah's  audience  chamber  has  eight  doors,  which 
can  be  opened  one  at  a  time,  2  at  a  time,  3  at  a  time,  and 
so  on,  through  the  whole  number,  till  they  are  all  opened 
together ;  how  many  times  can  this  be  done  ? 


THE    END. 
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ELEMENTARY   CREEK  WORKS,   LEXICONS, 
CRAMMARS,   ETC. 


Kiihner's  Elementary  Greek  Grammar. 

An  Elementary  Grammar  of  the  Greek  Language.     By  Dr.  Raphael  Kiihner, 
Co-Rectorof  the  Lyceum  at  Hanover.     Translated  bv  J.  H.Millard,  St. .John's 
ColleKe,  Cambridge  ;  late  Second  Classical  Master  at  Slill  Hill  Grammar  School. 
8vo.  9s.  cloth. 
"  It  affords  me  much  pleasure  to  be  able  to  assure  you,  that  your  translation 
may  be  regarded  as  .a  pattern  of  accuracy  and  care.     I  perceive  with  great  satisfac- 
tion, from  your  Preface,  that  you  have  thoroughly  entered   into  the  ideas  which 
have  guided  me  in  the  preparation  of  my  grammatical  works,  that  you  have  rightly 
estimated  them,  and  have  exhibited  them  in  a  clear  light." 

Extract  of  a  Letter  f  aoM  Dr.  KiiHNEU  to  the  Translator. 

Brasse's  Greek  Gradus. 

A  Greek  Gradus  ;  or,  a  Greek,  Latin,  and  English  Prosodial  Lexicon :  containing 
the  Interpretation,  in  Latin  and  English,  o^all  words  which  occur  in  the  Greek 
Poets,  from  the  Earliest  Period  to  the  time  of  Ptolemy  Philadelphus  :  with  the 
Quantity  of  the  Syllables  verified  by  Authorities  ;  and  combining  the  ad  vantages 
of  a  Lexicon  of  the  Greek  Poets  and  a  Greek  Gradus.  For  the  use  of  Schools 
and  Colleges.  By  the  late  Rev.  Dr.  BaiSSE.  To  which  is  added,  a  Synopsis  of 
the  Greek  Metres,  by  the  Rev.  J.  R.  Major,  D.D.  Head  Master  of  King's  College 
School,  London.  2d  Edition,  revised  and  corrected  by  the  Rev.  F.  E^  J.  Valpy, 
M.A.  formerly  Head  Master  of  Reading  School.    8vo.  15s.  cloth. 

Giles's  Greek  and  English  Lexicon. 

A  Lexicon  of  the  Greek  Language,  for  the  use  of  Colleges  and  Schools  ;  containing 
—  1.  A  Greek-English  Lexicon,  combining  the  advantages  of  an  Alphabetical 
and  Derivative  Arrangement ;  2.  An  English-Greek  Lexicon,  more  copious  than 
any  that  has  ever  yet  appeared.  To  which  is  prefixed ,  a  concise  Grammar  of  the 
Greek  Language.  By  tlie  Rev.  J.  A.  Giles,  LL.D.  late  Fellow  of  C.  C.  College, 
Oxon.  2d  Edit,  with  corrections,  1  thick  vol.  8vo.  21s.  cloth. 

*,*  The  English-Greek  Lexicon,  separately.    7s.  6d.  cloth. 
"  In  twT  points  it  excels  every   other   Lexicon  of  the  kind  ;    namely,  in  the 
English-Greek  part,  and  in  the  Classification  of  Greek   Derivatives  under  their 
primitives." — Moody's  Eton  Greek.  Grammar. 

Pycroft's  Greek  Grammar  Practice. 

In  Three  Parts :  1.  Lessons  in  Vocabu'ary,  Nouns,  Adiectives,  and  Verbs  in 
Grammatical  order ;  2.  Greek,  made  out  of  each  column  for  translation  • 
3.  English  of  the  same  for  retranslation.  Bv  the  Rev.  James  Pycroft  B  \' 
Trinity  College,  Oxford;  Author  of  "  A  Course  of  English  Reading'"  &c' 
12mo.  33.  6d.  cloth.  ° 

"  The  plan  is  excellent,  and  will  tend  greatly  to  facilitate  the  acquisition  of  the 
two  languages.      By  diligent  practice  in  these  lessons  and  vocabularies,  tlie  pupil 
ster  of  all  the  difficulties  that  obstruct  his  earlv  progress, 

.  ...„,i  j..,i  , 'edge,  and  consequent  relish,  of  the 

Bull. 


becomes  progressively  i 

and  gradually  attains  to  a  well-grounded  kn 

beauties  of  the  Greek  and  Latin  idioms.'  — J 

Moody's  Eton  Greek  Grammar  in  English. 

The  New  Eton  Greek  Grammar  ;  w  ith  the  Marks  of  Accent,  and  the  Quantity  of 
the  Penult :  containing  the  Eton  Greek  Grammar  in  English  .  the  Syntax  and 
1  rosody  as  used  at  Eton  ;  also,  the  Analogy  between  the  Greek  and  tatin  Lan- 
pages ;  Intioductory  Essays  and  Lessons :  with  numerous  Additions  to  the 
text.  The  whole  being  accompanied  by  Practical  and  Philosophical  Notes.  Bv 
Clement  Moody  of  Maiidalene  Hall.  Oxford  ;  and  Editor  of  the  Eton  Latin 
Grammar  in  English.    2d  Edition,  carefully  revised,  &c.  12mo.  4s.  cloth. 


Valpy's  Greek  Grammar. 


The  Elements  of  Greek  Grainmar :  with  Notes.     By  E.  Valpt,  D.D.  late  Master 
of  Reading  School.  New  Edition,  8vo.  6s.  6d.  boards ;  bound,  7s.  6d. 
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Valpv'H  Thinl  Greek  Delectus. 

Th»  fluKl  (itTfk  I>rl^  tu«  .  oe,  Nr»  An.lrrli  Mtian  :  wtlh  r.a«<Uh  XM**.     t> 
T».>  l'«tu      lij  tl.<-  lt«>.  V.  K.  J.  V»LX»,  M.A.  roniMrlj   llt«a  M«U>  of 

llMdlDtf  Vhool.     •«•'    1^.  &I.  bound. 

•  ,•  Till  I'»rt»  ouj  b»  luiil  trfmntrXj. 
P*«T  I.  PKOSE.     «to.  »•.  ea.  IwttnJ.  —  P4»T  I.  I-OETUY.     Sra.  Mi.  W.  baud. 

Valpy's  Greek  Exercises,  and  Key. 


K«< ,  I2ma.  3>.  <d.  M«r<l. 

VolU.iti'^  f;r.  .L   VviTfUp*    mill  Kev. 
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I    Hownrd'H  Infroflucton*  Greek  Kxcrelses.  and  Key. 
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The  Rev.  J,  Seager's  Translations, 
Bos  on  the  Greek  Ellipsis. 

Professor  Schsffer's  Edition,  with  Notes.     8vo.98.  6d.  boards. 

Hermann's  Elements  of  the  Doctrine  of  Metres, 

8vo  ^s.  6d.  bds. 

Hoogeveen  on  the  Greek  Particles. 

Svo.  7s.  6d.  boards. 

Maittaire  on  the  Greek  Dialects. 

From  the  Edition  of  Sturzius.    8vo.  &9s.  6d.  boards. 

Viger  on  the  Greek  Idioms. 

Abridged  and  translated  into  English,  from  Professor  Hermann's  last  Edition, 
with  Original  Notes.  2d  Edition,  with  Additions  and  Corrections,  8vo.  98.  6d. 
boards. 

*,'  The  above  Five  TVorks  may  be  had  in  2  vols.  8vo.  £2.  2s.  cloth. 

ELEIVIENTARY    LATIN    WORKS,    DICTIONARIES, 
GRAMMARS,    ETC. 

Arnold  and  Riddle's  English-Latin  Lexicon. 

[Vide  pa^e  1. 
*,•  Mr.  Riddle  and  Mr.  Arnold  having  found  that  each  has  been  enga^-ed  for  a 
nearly  equal  space  of  time  in  compiling  an  Enalish-Latin  Dictionary  from  the 
same  sources,  have  resolved  to  publish  a  joint  work,  the  result  of  a  comparison 
and  revision  of  their  respective  labours. 

Riddle's  Latin  Dictionary. 

A  Complete  Latin-English  and  Ensl'sh-Latin  Dictionary;  compiled  from  the 
best  sources,  chiefly  German.     By  the  Rev.  J.  E.  Riddle,  M.A.  of  St.  Edmund 
Hall,  Oxford.    4th  Edition,  corrected  and  enlarged,  6vo.31s.  6d.  cloth. 
c  .  ,     (  The  English-Latin  Dictionariv,  10s.  6d.  cloth, 

beparateiy  -^  ^he  Latin-English  Dictionary,  £1.  Is.  cloth. 

Riddle's  Young  Scholar's  Latin  Dictionary. 

The  Youna:  Scholar's  Latin-English  and  English-Latin  Dictionary;  beinff  an 
Abridgment  of  the  above.  4th  Edition,  corrected  and  enlarged,  square  12mo. 
12s.  bound. 

Spnantjilv  /  ^^^  Latin-EngHsh  Dictionary,  5s.  6d.  bound. 
i>     aufij  ^  ^1^^  English-Latin  Dictionary,  7s.  bound. 

"  From  the  time  that  a  boy  at  school  commences  translation  of  the  sirapleat 
kind,  derivations  should  be  attended  to  ;  and  we  consider  Mr.  Riddle's  an  invalu- 
able book,  when  compared  with  other  Dictionaries,  merelv  on  the  ground  of  its 
large  stock  of  derivations.  In  the  monotony  of  early  instruction  these  are, 
perhaps,  the  very  first  things  that  awaken  curiosity  and  interest ;  a  momentary- 
escape  and  respite,  if  only  apparent,  from  the  matter  in  hand,  is  that  for  whicn 
boys  are  continually  craving  ;  and  this  may  be  more  advantageously  induleed  by 
frequent  reference  to  kindred  English  words,  in  which  they  feel  themsefves  at 
home,  than  in  any  other  manner."— Church  or  England  Quahterlt  Review. 

Riddle's  Diamond  Latin-English  Dictionary. 

A  Diamond  Latin-English  Dictionary.  A  Guide  to  the  Meaning,  Quality,  and 
right  Accentuation  of  Latin  Classical  "Words.   By  the  Rev.  J.  ErRiDDLE,M.A. 

Royal  32mo.  4s.  bound. 

Zumpt's  Latin  Grammar, 

Newly  translated,  with  additions  from  Madvig.  rVide  page  U 

Pycroft's  Latin  Grammar  Practice. 

Latin  Grammar  Practice:  1.  Lessons  in  Vocabulary,  Nouns,  Adjectives,  and 
Verbs,  in  Grammatical  Order;  2.  Latm,  made  out  of  each  colimin,  for  Trans- 
lation ;  3.  English  of  the  <-ame,  for  Re-translation.  By  the  Rev.  Jahbs 
Pycroft,  B.A.  Trinity  College,  Oxford ;  Author  of  "A  Course  of  English 
Reading,"  &c.     12mo.  2s.  6d.  cloth. 
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MESSRS.  LONGMAN  AND  CO.  S 


Valpy's  Elegantise  Latinse,  and  Key. 

Eleganti!E  Latinoe  ;  or.  Rules  and  Exercises  illustrative  of  Elegant  Latin  Style  : 

intended  for  the  u«e  nf  the  Middle  and  Higher  Classes  of  Grammar  Schools. 

With  the  Original  Latin  of  the  most  difficult  Phrases.    By  Rev.  E.  V.vi.pv,  B.D. 

late  Master  of  Norwich  School,     nth  Edition,  corrected,  12mo.  4b.  6d.c?oth. 
Key,  beins  the  Original  Passages,  which  have  been  translated  into  English, to 

serve  as  Examples  and  Exercises  in  the  above.     12mo.  2s.  6d.  sewed. 

Butler's  Praxis,  and  Key. 

A  Praxis  on  the  Latin  Prepositions  :  being  an  attempt  to  illustrate  their  Origin, 
Signification,  and  Government,  in  the  way  of  Exercise.  By  the  late  Bishop 
BrxLER.     6th  Edition,  8vo.  6s.  6d.  boards. 

Key,  6s.  boards. 

An  Introduction  to  the  Composition  of  Latin  Verse  ; 

containing  Rules  and  Exercises  intended  to  illustrate  the  Manners,  Customs, 
and  Opinions,  mentioned  hv  the  Roman  Poets,  and  to  render  familiar  the 
principal  Idioms  of  the  Latin  Lamniage.  By  the  late  Christopher  Rvpier, 
A.B.  2d  Edition,  carefuUj  re\ised  by  Thomas  Keecheyer  Arsold,  M.A. 
12mo.  3s.  6d.  cloth. 
Key  to  the  Second  Edition.    16mo.  2s.  6d.  sewed. 

Howard's  Introductory  Latin  Exercises. 

Introductorv  Latin  Exercises  to  those  of  Clarke,  Ellis,  Turner,  and  others : 
desienfd  for  the  Younger  Classes.  By  Nathaniel  Howard.  A  New  Edition, 
12m6.  2s.  6d.  cloth. 

Howard's  Latin  Exercises  extended. 

Latin  Exercises  Extended  :  or,  a  Series  of  Latin  Exercises,  selected  from  the  best 
Roman  Writers,  and  adapted  to  the  Rules  of  S\-ntax,  particularly  in  the  Eton 
Grammar.  To  which  are  added ,  English  Examples  to  be  translated  into  Latin , 
immediatelv  under  the  same  rule.  Arransed  under  Models.  By  Nathanibl 
Howard     'New  Edition,  12mo.  3s.  6d.  cloth. 

Key,  2d  Edition  13mo.  25.  6d.  cloth. 

Bradley's  Exercises,  &c.  on  Latin  Grammar. 

Series  of  Exercises  and  Questions;  adapted  to  the  best  Latin  Grammars,  and 
designed  as  a  Guide  to  Parsing,  and  an  Introduction  to  the  Exercises  of  Valpv, 
Turner,  Clarke,  Ellis,  &c.  &c.  By  the  Rev.  C.  Bradley,  Vicar  of  Glasbury. 
4th  Edition,  12mo.  2s.  6d.  bound.' 

Bradley's  Latin  Prosody,  and  Key. 

Exercises  in  Latin  Prosody  and  Versification.  By  the  Rev.  C.  BnintET,  Vicar 
of  Glasburv,  Brecon.  6th  Edition,  with  an  Appendix  on  Lyric  and  Dramatic 
Measures,  12mo.  Ss.  6d.  cloth. 

Key.  5th  Edition,  12mo.  2s.  6d.  sewed. 

Turner's  Latin  Exercises. 

Exercises  to  the  -\ccidence  and  Grammar:  or,  an  Exemplification  of  the  several 
Moods  and  Tenses,  and  of  the  principal  Rules  of  Construction  :  consisting 
chiefly  of  Moral  Sentences,  collected  out  of  the  best  Roman  Authors,  and 
translated  into  English,  to  be  rendered  back  into  Latin  ;  with  references  to  the 
I.atin  Svntax,  and  Notes.  By  William  Turner,  M..\.  late  Master  of  the 
Free  School  at  Colchester.    New  Edition,  12mo.  3s.  cloth. 

Beza's  Latin  Testament. 

No^Tim  Testamentum  Domini  Nostri  Jesn  Christi,  interprete  Theodora  Beza. 
Editio  Stereotypa,  1  vol.  12mo.  3s.  6d.  bound. 

Valpy's  Epitome  Sacrse  Historiae. 

Sacrae  Historiae  Epitome,  in  usum  Srholarum :  cum  Notis  Angilcis.  By  the 
Rev.  F.  E.  J.  Valpy,  M.A.  Head  Master  of  the  Free  Grammar  School,  Burton- 
on-Trent.    TthEdition,  18mo.  2s.  cloth. 

EDITIONS   OF   CREEK   CLASSIC   AUTHORS. 

Stocker's  Herodotus. 

Herodotus ;  containing  the  Continuous  History  alone  of  the  Persian  Wars  : 
with  English  Notes.  By  the  Rev.  C.  W.  Stocker,  D.D.  Vice-Principal  of 
St.  Alban's  Hall,  Oxford  ;  and  late  Principal  of  Ehzabeth  College,  Guernsey. 
A  New  and  greatly  Improved  Edition,  2  vols,  post  8vo.  18s.  cloth. 
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Valpy's  Juvenal  and  Persius. 

Decimi  J.  Jnvenalis  et  PersU  Flacci  Satira;.  Ex  edd.  Ruperti  et  Ka?nig  expnr- 
?.,*■,  Accedunt,  in  gratiam  Juventutis,  Note  quspdam  AuRlicae  scripUe. 
Edited  by  A.  J.  Valpt,  M.A.     3d  Edit.  12mo.  5s.  6d.  bd. 

The  Text  only,  2d  Edition,  3s.  bound. 

Valpy's  Virgil. 

p.  Vir?ilii  Maronis  Buoolica,  Georgica,  .5:neis.  Accedunt,  in  frratiam  Juventntis , 
P<otsB  quaedam  Anglice  scripts.  Edited  by  A.  J.  ViXPT,  M.A.  luth  Edition, 
ISmo.  IS.  6d.  bnund.  ' 

The  Text  only,  19th  Edition,  3s.  Cd.  bound. 

Valpy's  Horace. 

''i.T^."'^'^*''.  ^'?.'^9  Opera.    Ad  fidem  optimoram  esemplarium  castijata  :  cum 

IVotulis  AngUcis.    Edited  by  A.  J.  Valpt,  M.A.    New  Edition,  ISmo.  6s.  bd. 
The  same,  without  Notes.    New  Edition,  3s.  6d. 

*•'  The  objectionable  odes  and  passages  have  been  expunged. 

The  Rev.  Canon  Tate's  Edition  of  Horace. 

Horatms  Restitutus  ;  or,  the  Books  of  Horace  arranged  in  Chronological 
Order,  according  to  the  Scheme  of  Dr  Bentley,  from  the  Text  of  Gesner  cor- 
rected  and  improved:  with  a  Preliminary  Dissertation,  very  much  enlarged, 
on  the  Chronology  of  the  Works,  on  the  Localities,  and  on  the  Life  uni 
Character  of  that  Poet.  By  James  Tate,  M.A.  2d  edition,  to  which  is  now 
added,  an  origmal  Treatise  on  the  Metres  of  Horace,  8vo.  cloth,  12s. 

Horace  on  the  Middle  System. 

Classical  Student's  Translation  of  Horace  ;  or,  the  "Works  of  Qnintus  Horatius 

translated  for  Classical  Students,  on  the  Principles  of  the  Middle 

.       _.-u,__  ^,       .  „     _       H.  P.  Hatghtok,  B.A.  Rector  of 

The  Middle  System   of  Teaching 


Flaccu! 

System  of  Teaching  Classics.  By  R. 
Markfield,  Leicestershire  ;  Author  of 
Classics."    Royal  l(-mo.  8s.  cloth. 

Barker's  Cicero  de  Amicitia,  &c. 

Cicero's  Cato  Major,  and  La-lius  :  with  English  Explanatory  and  Philological 
Notes;  and  with  an  English  Essay  on  the  Respect  paid  to  Old  .4ge  by  the 
Egyptians  .  the  Persians  ,  the  Spartans,  the  Greeks,  and  the  Romans.  By  thp 
late  E.  H.  Barker,  Esq.  of  Trinity  College,  Cambridge.  6th  EdiUon,  12mo. 
4s.  6d.  cloth. 

Valpy's  Cicero's  Offices. 

M.  Tullii  Ciceronis  de  OfRciis  Libri  Tres.  Accedunt,  in  usum  Juventutis,  Notae 
qusedam  .\nglic!E  soriptae.  Edited  by  A.  J.  Valpt,  M.A.  Editio  Quinta. 
aucta  et  emendata,  12mo.  6s.  6d.  cloth.  ' 

Valpy's  Cicero's  Twelve  Orations. 

Twelve  Select  Orations  of  M.    Tullius  Cicero.     From  the  Text  of  Jo.  Casp. 

2,'=ti"'','''S  ?"'^'f''  ^'''*'='-    ^'''"^'^  ^y  ^-  •>•  Valpt,  M.A.    2d  Editioi, 
post  ovo.  7s.  6d.  boards 

Barker's  Ceesar's  Commentaries. 

C.  Julius  Caesar's  CommenUries  on  the  Gallic  IVar.  From  the  Text  of  Ouden- 
dorp  ;  mth  a  selection  of  Notes  from  Dionvsius  Vossius ,  from  Drs.  Davies  and 
Clarke,  and  from  Oudendorp,  &c.  &c.  To  which  are  added.  Examination 
Questions.  By  E.  H.  Barker,  Esq.  late  of  Trinity  CoUege,  Cambridge.  Post 
H>o.  with  severaM^oodcuts,  6s.  6d.  boards. 

Bradley's  Phsedrus. 

PhaDdri  Fabula.;  in  usum  Scholarum  expnrgatse:  quibus  accedunt  Notute 
AnglicaeetQuaestiones.  Studio  C.  Bradlet,  A.M.  Editio  Nona,  12mo.  2s.  6d.  cL 

Bradley's  Cornelius  Nepos. 

Cornelii  Xepotis  Vit,-e  Excellentium  Imperatorum:  quibus  accedunt  Notnlffl 
AnglicaeetQasstiones.  Studio C.  BRij)LET,  A.M.  Editio OctaTa,12mo.3s  6d.cl 

Bradley's  Eutropius. 

Eutropii  Historioe  Romans  Libri  Septem  •  quibus  accedunt  Notute  Anglics  et 
«ua?stiones.   Studio  C.  Eradlet,  A.M.   Editio  Duodecima,  12mo.  2s.  6d.  cloth. 

Hickie's  Livy. 

The  First  Five  Books  of  Livy:  with  English  Explanatory  Notes,  and  Examina- 
tion Questions.  By  D.  B.  Hickie,LL.D.  Head  Master  of  Hawkshead  Grammar 
School.    2d  Edition,  post  bvo.  »s.  fid.  boards. 
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MESSRS.  LONGMAN  AND  CO.'S 


Corner's  Sequel  to  Mangnall's  Questions. 

Questions  on  the  History  of  Europe  :  a  Sequel  to  Man^all's  Historical  Ques- 
tions ;  comprising  Questions  on  the  History  of  the  Nations  of  Continental 
Europe  not  comprehended  in  that  work.  By  JrLii  CoaxEa.  New  Edition, 
12mo.  Ds.  bound. 

Hort's  Pantheon. 

The  New  Pantheon ;  or,  an  Introductioti  to  the  Mythology  of  the  Ancients,  in 
Question  and  Answer  :  compiled  for  the  Use  of  Young  Persons.  To  which  are 
added,  an  Accentuated  Index,  Questions  for  Exercise,  and  Poetical  Illustra- 
tions of  Grecian  Mjthology,  from  Homer  and  Virgil.  Bv  W.  J.  Hoht.  New 
Edition,  considerab"ly  enlarged  bv  the  addition  of  the  Oriental  and  Northern 
Mythology.  18mo.  17  Plates,  5s.' 6d.  bound. 
."Superior  to  all  other  juvenile  mythologies  in  form  and  tendency,  and  de- 
cidedly in  the  pleasure  it  gives  a  child."— Quaetehlt  Retiew. 

Hort's  Chronology. 

An  Introduction  to  the  Study  of  Chronology  and  Ancient  History:  in  Question 
and  Answer.     New  Edition,  ISmo.  4s.  bound. 

Miiller's  Introductory  System  of  Mythology. 

Introduction  to  a  Scientific  System"  of  Mythology.  By  C.  O.  MiiiLEE,  Author 
°S  "  ^^^  History  and  .intiq'uities  of  the  Doric 'Rare',"  &c.  Translated  from 
the  German  by  John  Leitch.  Svo.  uniform  with  "  Miillers  Dorians," 
12s.  cloth.  ' 

Knapp's  Universal  History. 

An  Abridgment  of  Universal  History, adapted  to  the  UseofFamiliesand  Schools  ; 
with  appropriate  Questions  at  the  end  of  each  Section.  Bv  the  Rev.  H.  J. 
Knapp,  M..^.     New  Edition,  with  considerable  additions,  12mo.  os.  bound. 

Bigland's  Letters  on  the  Study  of  History. 

On  the  Study  and  Use  of  Ancient  and  Modern  History ;  containing  Observations 
and  Reflections  on  the  Causes  and  Consequences  of  those  Events  which  have 
produced  conspicuous  Changes  in  the  aspect  of  the  World,  and  the  general 
state  of  Human  Affairs.    By  John  Bigla.sd.    7th  Edition,  1  toI.  12mo.  63.  bds. 

Keightley's  Outlines  of  History. 

Outlines  of  History,  from  the  Earliest  Period.  By  Thomas  Keightlet,  Esq. 
New  Edition,  corrected  and  considerably  improved,  fcp.  Svo.  6s.  cloth:  or 
6s. fid,  bound. 

Sir  Walter  Scott's  History  of  Scotland. 

History  of  Scotland.  By  Sir  Walter  Scott,  Bart.  New  Edition,2  vols.  fcp.  8to. 
with  \  ignette  Titles,  12s.  cloth. 

Cooper's  History  of  England. 

The  History  of  England,  from  the  Earliest  Period  to  the  Present  Time.  On  a 
plan  recommended  by  the  Earl  of  Chesterfield.  By  the  Rev.  W.  Coopee.  23d 
Edition,  considerably  improved.     Ibmo.  2s.  6d.  cloth. 

Baldwin's  History  of  England. 

The  History  ofEn^land,  for  the  use  of  Schools  and  Young  Persons.  By  Edward 
Baldwin,  Esq.,  Author  of  "The  History  of  Rome,"  &c.  A  New  Edition 
carefully  revised  anu  corrected,  with  Portraits.     12mo  3s.  6d.  bound. 

Valpy's  Elements  of  Mythology. 

Elements  of  Mythology;  or,  an  Easy  History  o  tht  Pagan  Deities:  intended  to 
enable  the  young  to  understand  the  Ancient  Writers  of  Greece  and  Rome.  Bv 
R.  ^ALPT,  D.D.     6th  Edition,  12mo.  2s.  bound. 

Valpy's  Poetical  Chronology. 

Poetical  Chronology  of  Ancient  and  Englis'h  History :  with  Historical  and  Expla- 
natory Notes.   By  R.Valpt,D.D.  New  Edit.  12mo.  2s.  6d.  cloth. 

Howlett's  Tables  of  Chronology  and  Regal  Gene- 
alogies, combined  and  separate.  By  the  Rev.  J.  H.  Howlett,  M.A.  2d 
Edition,  4to.  OS.  fid.  cloth. 

Riddle's  Ecclesiastical  Chronology. 

Ecclesiastica:  Chronology  ;  or.  Annals  of  the  Christian  Church,  from  its  Foun- 
dation to  the  Present  Time.  To  which  are  added.  Lists  of  Councils  and  of 
Popes,  Patriarchs,  and  Archbishops  of  Canterbury.  By  the  Rev.  J.  E.  Riddle, 
M.A..    Svo.  15s.  cloth. 
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Taylor's  Arithmetic,  and  Key. 

The  Aritlimetician's  Guide  ;  or,  a  complete  "Exercise  Book  :  for  Public  Schools 
and  Private  Teachers.     By  "VV.  Ta\lor.     New  Edition,  12mo.  2s.  6d.  hound. 

Ret  to  the  same.  By  W.  H.  White,  of  the  Commercial  and  Mathematical 
School,  Bedford.     13mo.  4s.  bound. 

Molineux's  Arithmetic,  and  Key. 

An  Introduction  to  Practical  Arithmetic  ;  in  Two  Parts  :  -with  various  Notes,  and 
occasional  Directions  for  the  use  of  Learners.  By  T.  Molinecx,  many  years 
Teacher  of  Accounts  and  the  Mathematics  in  'Macclesfield.  In  Two  Parts. 
Part  1,  New  Edition,  12mo.  2s.  6d.  bound.— Part  2,  6th  Edit.  12mo.  2s.  6d.  bd. 

Key  to  Part  1,  6d.— Key  to  Part  2,  6d. 

Hall's  Key  to  Molineux's  Arithmetic. 

A  Key  to  the  First  Part  of  Molineux's  Practical  Arithmetic  ;  containing  Solu- 
tions of  all  the  Questions  at  full  length,  with  Answers.  By  Joseph  Hall, 
Teacher  of  Matham.atics.     12mo.  3s.  bound. 

Simson's  Euclid. 

The  Elements  of  Euclid  ■  viz.  the  First  Six  Books,  together  with  the  Eleventh 
and  Twelfth  ;  also  the  Book  of  Euclid's  Data.  By  Kobebt  Simson,  M.D. 
Emeritus  Professor  of  Mathematics  in  the  University  of  Glasgow  To  which 
are  added,  the  Elements  of  Plane  and  Spherical  Trigonometry;  and  a  Treatise 
on  the  Construction  of  Trigonometical  Canon :  also,  a  concise  Account  of 
Logarithms.  By  the  Rev.  A.  P,obertson,  D.D.  F.R.S.  Savilian  Professor  of 
Astronomy  in  the  University  of  Oxford.  25th  Edition,  carefully  revised  and 
corrected  by  S.  Maynard,8'vo  9s.  bound.— Also. 

The  Elements  of  Euclid  :  viz.  the  First  Six  Books,  together  with  the  Eleventh  and 
Twelfth.  Printed,  with  a  few  variations  and  additional  references,  from  the 
Text  of  Dr.  SiMsoN.  New  Edition,  carefully  corrected  by  S.  Maynard,  18mo. 
5s.  bound.— Also, 

The  same  work,eilited,in  the  Symbolical  form,  bv  R.Blakelock.M.A.  late  Fellow 
and  Assistant- Tutor  of  Catherine  Hall,  Cambridge.    New  Edit.  18mo.  6s.  clotll. 

Joyce's  Arithmetic,  and  Key. 

A  System  of  Pr.ictical  Arithmetic,  applicable  to  the  present  state  of  Trade  and 
Money  Transactions  :  illustrated  by  numerous  Examples  under  each  Rule.  By 
the  Rev.  J.  Joyce.  New  Edition,  corrected  and  improved  by  S.  Maynard. 
12mo.  3s.  bound. 

Key;  containing  Solutions  and  Answers  to  all  the  Questions  in  the  work.  To 
which  are  added.  Appendices,  shewing  the  Method  of  making  Mental  Calcula- 
tions, and  a  New  Mode  of  Setting  Sums  in  the  Early  Rules  of  Arithmetic.  New 
Edition,  corrected  and  enlarged  by  S.  Maynard,  18mo.  3s.  bound. 

Morrison's  Book-Keeping,  and  Forms. 

The  Elements  of  Book-keeping,  by  Single  and  Double  Entry  ;  comprising  several 
Sets  of  Books,  arranged  acco'rding  to  Present  Practice,  and  designed  for  the  use 
of  Schools.  To  which  is  annexed,  an  Introduction  to  Merchants'  Accounts, 
illustrated  with  Forms  and  Examples.  By  James  Morrison,  Accountant. 
New  Edition,  considerably  improved,  8vo.  8s.  half-bound. 

Sets  of  Blank  Books,  ruled  to  correspond  with  the  Four  Sets  contained  in  the 
above  work  :  Set  A,  Single  Entry,  3s. ;  Set  B,  Double  Entry,  9s.;  Set  C,  Com- 
mission Trade,  12s. ;  Set  D,  Partnership  Concerns,  4s.  6d. 

Morrison's  Commercial  Arithmetic,  and  Key. 

A  Concise  System  of  Commercial   Arithmetic.     By  J.  Morrison",  .\ccOuntant. 

New  Edition,  revised  and  improved,  12mo.  4s.  6d.  "hound. 
Key.    a  New  Edition,  carefully  revised  by  S.  Maynard.    12mo.  8s.  bound. 

Neshit's  Mensuration,  and  Key. 

A  Treatise  on  Practical  Mensuration  :  containing  the  most  approved  Methods  of 
drawing  Geometrical  Figures;  Mensuration  of  Superficies;  Land  Surveying; 
Mensuration  of  Solids  ;  the  Use  of  the  Carpenter's  Rule  ;  Timber  Measure,  in 
which  is  shewn  the  method  of  Measuring  and  Valuing  Standing  Timber ;  Arti- 
ficers' Works,  illustrated  by  the  Dimensions  and  Contents  of  a  House  ;  a  Dic- 
tionary of  the  Terms  used  in  Architecture,  &c.  By  A.  Nesbit.  12th  Edition, 
corrected  and  greatly  improved,  with  nearly'dO  Practical  Examples  and  nearly 
300  Woodcuts,  12mo.  6s.  bound. — Key,  7th  Edition,  12mo.  5s.  bound. 

Nesbit's  Land  Surveying. 

A  Complete  Treatise  on  Practical  Land  Survevin?.    By  A.  Nesbit.    7th  Edition, 

gieatly  enlarged,  1  vol.  .'Svo.  illustrated  with  160  Woodcuts,  12  Copperplates 
and  an  engraved  Field-book,  (sewed,)  12s.  boards. 
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GEOGRAPHY  AND    ATLASES. 

Butler's  Ancient  and  Modern  Geography. 

A  Sketch  of  Ancient  and  Modern  Geosraphv.  By  Samuel  Butler,  D.D.  late 
Bishop  of  I.iclificU ,  formerly  Head  Master  of  Shrewsbury  School.  New  Edition^ 
re\ised  by  his  ^on,  8\o.  ys.  boards;  bound  in  roan,  10s. 

Butler's  Ancient  and  Modern  Atlases. 

An  .\tUis  of  Modem  Geography;  consisting  of  Twenty-three  Coloured  Maps,  from 

a  new  set  of  plates,  corrected,  with  a  complete  Index.     By  the  late  Dr.  Bctleh. 

8vo.  12s.  half-bound. — By  the  same  Author, 
An  Atlas  of  Ancient  Gcoeraphy ;  consisting  of  Twenty-two  Coloured  Maps,  with 

a  complete  Accentuated  Index.     6vo.  12s.  half-bound. 
A  General  Atlas  of  Ancient  and  Modern  Geosraphy ;  consisting  of  Forty-five 

coloured  Maps,  and  Indices.    4to.  24s.  half-bound. 

• ."  The  Latitude  and  Longitude  are  given  in  the  Indices. 
The  Plates  of  the  present  new  edition  have  been  re-e 

£rom  the  government  surveys  and  the  most  recent  sc 
Edited  by  the  Authors  Son. 

Abridgment  of  Butler's  Geography. 

An  .\bridgment  of  Bij^hop  Butler's  Modern  and  Ancient  Geography:  arranged  in 
tlie  form  of  Question  and  Answer,  for  the  ule  of  Beginners.  By  Mart 
Clxxi.NGHAM.    3d  Edition,  fcp.  bvo.  2s.  cloth. 

Butler's  Geographical  Copy  Books. 

Outline  Geographical  C  opy-Books,  Ancient  and  Modem  :  with  the  Lines  of  Lati- 
tude and  Lonsitude  only,  for  the  Pupil  to  fill  up,  and  designed  to  accompany 
the  above.    4to.  each  Is.';  or  togetlier,  sewed,  7s.  6d. 

Goldsmith's  Popular  Geography. 

Geography  on  a  Fopular  Plan.  New  Edit,  including  Extracts  from  recent  Voyages 
and  Travels,  w-ith  Engravings,  Maps,  &c.  By  Rev.  J.  Goldsmith.  12mo.  14's.  bd. 

Bowling's  Introduction  to  Goldsmith's  Geography. 

Introduction  to  Goldsmith's  G  rammar  of  Geography  :  for  the  use  of  Junior  Pupils. 
By  J.  Dow  ling.  Master  of  Woodstock  Boarding  School.  New  Edit.  Ibmo.  9d.  sd. 
By  the  same  .\uthor. 

Five  Hundred  Questions  on  the  Maps  of  Europe,  Asia,  Africa,  North  and  South 
America,  and  the  British  Isles;  principally  from  the  Maps  in  Goldsmith's 
Grammar  of  Geography.     New  Edition,  Ibmo.  6d. — Key,  9d. 

Goldsmith's  Geography  Improved. 

Grammar  of  General  Geography ;  being  an  Introduction  and  Companion  to  the 
larger  Work  of  tlie  same  Author.  By  the  Rev.  J.  Goldsmith.  New  Edition, 
improved.  Revised  throughout  and  corrected  by  Hugh  Murray,  Esq.  Witll 
New  Views,  Maps,  &c.  ISnio.  3s.  6d.  bound.— K-Ei,  6d.  sewed. 

Mangnall's  Geography,  revised. 

A  Compendium  of  Geography;  for  tlie  usp  of  Schools,  Private  Families,  &c.  By 
R.  Mangnall.  a  liew  Edition,  revised  and  corrected  throughout.  12iao. 
Ts.  6d.  bound. 

Hartley's  Geography,  and  Outlines. 

Geography  for  Youth.    Bvthe  Rev.  J.  Hartlet.    New  Edit,  fthe  8th),  containing 

the  latest  Changes.     12mo.  4s.  6d.  bound. — By  the  same  Author, 
Outlines  of  Geography :  the  First  Course  for  Cliildren.    New  Edit.  16mo.  9d.  sd. 


THE   FRENCH    LANGUAGE. 
Hamel'sFrench  Grammar  and  Exercise.';,  by  Lambert. 

IJamel's  French  Grammar  and  Exercises.  A  New  Edition,' in  one  volume. 
Carefully  corrected,  grratlv  improved,  enlarseil,  and  arranged,  in  conformity 
with  the  last  edition  of  the  Dictiimary  of  the  French  Aci:rlpmy,'and  in  confor- 
mity with  thi  last  edition  of  the  French  Grammar  of  the  University  of  France. 
By  N.  Lamhert.    12ino.  5a.  6tl.  bound. 

Key,  4s.  bound. 


•TANBAaO  ■DDCATtONAL  WOaSB.  |ft 


Hanierit  Fn-nch  (irantiimr.  -  (The  OriirinAl  Edition.) 


Ha:.  ;.,, .„.,-. ,. 

H:n 


Ta: 


V 

!■./..        S'  .    ■       :       .   ■ 

ENGLISH   GRAMMARS,    RCAOINC   flOO<(S.   CTC. 

Mr-    !■  - 

Ti  Un  r»4i» 

Till-  UfN    J.I  li  Kradinir. 


701UMI  p»r«*>o».     It 

Manndcr's  1 


Lindlcy  Murray's  Works. 

1.  y,:  ■        -  •    ■  .:  tiTB.rtUixiiUiMi,  j     .,'•'.       —   •-- 

1.  1.1  Hook,  MUtoiilUtMl, 

•    Ii  ■  "       ■  .!i  lUarirr,  j 

4,  1  lit  lima.  I 

».  V.  .,;...  limoUW.  j               -                                  — •    • 

t.  \  .:.  tut  .Jit.  Ilmo.  I     14.  Tit'-                            **"'^ 


1- 
U.  Or. 


tt».  tuuad. 


>.,<>.>t'i.  Ua«    ^ 
I 

r- 
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Mavor's  Spelling  Book. 

The  English  SpeUing-Book  ;  acrnmpanied  by  a  Proeressive  Series  of  easy  and 
familiar  liessons :  intended  as  an  Introduction  to  the  Reading  and  Spelling  of 
the  English  Language.  By  Dr.  Mav(jr.  4.52d  Edition,  with  various  revisions 
and  improvements  of  Dr.  Mavor,  legally  conveyed  to  them  by  his  assignment, 
with  Frontispiece  by  Stothard,  and  44  beautiful  Wood  Ensravings,  designed 
expressly  for  the  work,  by  Harvey.  The  whole  printed  in  an  entirely  new  type, 
12mo.  Is.  6d.  bound. 

•»•  The  only  Genuine  Edition,  with  the  Author's  latest  Additions  and  Improve- 
ments, bears  tlie  in^print  of  Messrs.  Longman  and  Co. 

Carpenter's  Spelling-Book. 

The  Scholar's  Spelling  Assistant ;  wherein  the  "Words  are  arranged  according  to 

their  principles  of  Accentuation.     By  T.  Caufentek.    New  Edition,  corrected 

throughout,  12mo.  Is.  6d.  bound. 

NOTICE.— The  only  Genuine  and  Complete  Edition  of  Caupenter's  Speluxg  is 

published  by  Messrs.   Longman  and  Co.  and  Messrs.  Whittaker  and  Co.     Any 

person  selling  any  other  edition  than  the  above  is  liable  to  action  at  law,  and  on 

discovery  will  be  iimnediately  proceeded  against,  the  whole  book  being  copyright. 

Blair's  Class-Book. 

The  Class-Book  ;  or,  365  Reading  Lessons :  for  Schools  of  either  sex  ;  every  lesson 
having  a  clearly-defined  object,  and  teaching  some  principle  of  Science  or 
Morality,  or  some  important  Truth.  By  the  Eev.  D.  Blaie,  New  Edition, 
12mo.  5s.  bound. 

Blair's  Reading  Exercises. 

Reading  Exercises  for  Schools ;  being  a  Sequel  to  Mavor's  Spellin]£j,  and  an  Intro- 
duction to  the  Class-Book.  By  the  Rev.  D.  Blaik.  New  Edition,  corrected, 
12mo.  2s.  bound. 

Smart's  English  Grammar,- and  Accidence, 

The  Accidence  and  Principles  of  English  Grammar.     By  B.  H.  Smaht.    12mo. 

4s.  cloth. 
The  Accidtnce  separately.  Is.  sewed  in  cloth. 

Smart's  Practice  of  Elocution. 

The  Practice  of  Elocution  ;  or,  a  Course  of  Exercises  for  acquiring  the  several 
requisites  o  a  good  Delivery.  By  H,  B.  Smart.  4th  Edition,  augmented, 
particularly  by^a  Chapter  on  Impassioned  Reading  Qualified  by  Taste,  with 
Exercises  adapted  to  a  Chronological  Outline  of  English  Poetry.     12mo.  5s.  cl. 

Graham's  Art  of  English  Composition. 

English  ;  or,  The  Art  of  Composition  explained  in  a  series  of  Instructions  and 
Examples.  By  G.  F.  Graham.  2d  Edition,  revised  and  corrected.  Fcp.  8vo. 
7s.  cloth. 

"  Among  the  many  elementary  works  on  English  composition,  we  know  of 
none  so  admirably  adapted  to  the  purpose  at  which  it  aims  as  this." — Atlas. 

Graham's  Helps  to  English  Grammar. 

Helps  to  English  Grammar;  or,  Easy  Exercises  for  Young  Children  Illustrated 
by  Engravings  on  Wood.  By  G.  F.  Graham,  Author  of  "  English  i  or,  the 
Art  of'Composition."     12mo.  3s.  cloth. 

"  At  once  exact,  fully  intelligible  and  explanatory,  and,  above  all,  carefully 
suited  to  the  capacity  of  children." — Athen^cm. 

Aikin's  British  Poets. 

Select  Works  of  the  British  Poets.  From  Ben  Jonson  to  Beattie.  With  Biogra- 
phical and  Critical  Prefaces,  bv  Dr.  Aikin-.  A  New  Edition,  with  Supplement, 
by  LucT  AiKiN,  containing  additional  Selections  from  the  Works  of  Crabbe, 
Scott,  Coleridge,  Fringle,  Charlotte  Smith,  and  Mrs.  Barbauld.  [Nearly  ready. 

Aikin's  Poetry  for  Children. 

Poetry  for  Children  ;  consisting  of  Selections  of  easy  and  interesting  Pieces  from 
the  best  Poets,  interspersed  with  Original  Pieces.  By  Miss  AIKIN^  New  Edit, 
considerably  improved,  l&mo.  with  Frontispiece,  2s.  cloth. 

Bullar's  Questions  on  the  Scriptures. 

Questions  on  the  Holy  Scriptures,  to  be  answered  in  Writing,  as  Exercises  at 
School,  or  in  the  course  of  Private  Instruction.  By  John  Bcllab.  New  Edit. 
Ibmo.  2s.  6d.  cloth. 


Wilson  and  Ogilvy ,  Skinner  Street,  Snowhill,  Londozi. 
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